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The new Wolf *'Standard"' X-ray Cassette, two years i 
making, is now available to the field. Competitively 

with the lowest-priced cassettes on the market, it con 
many features available only in deluxe cassettes. It is 

to handle, safe, sturdy and efficient in performance 
remarkable achievement. 


Get all the details about the new Wolf ''Standard" Cas. 
today. 


Wolf products - America's most complete line of 
accessories- distributed through reliable dealers e 
where. а 


WOLF X-RAY PRODUCTS, IN 


93 Underhill Avenue, Brooklyn 38, New Y 


Branch OMlice. 1000 W Ow. сь tae A-. к. 


When You Require The Very Fines 
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(300 MA at 150 KV) 
(500 MA at 125 KV) 





Profexray designed tbe Jupiter-150 not only to meet 
the generally accepted specifications of first-line equip- 


ment, but also to include (as built-in features) many "n 
"extras" normally available only at additional cost, эон t 
plus exclusive features found on no other apparatus: Е ERES 
| | | | component 
è Single Direct-Reading MA Meter (patent pending) adds engineered to 
P up to 12,000 extra chest exposures to normal life ex- assure years of 
pectancy of your x-ray tube. accurate 
r 
è True 1/120-second timer with increments of 1, 2, 3 or consistent 
= 4 impulses — guarantzed accurate to .0005 seconds. radiography in 
® Optimum phase ange contacting eliminates surges, ef- the busiest 
fects longer tube life. department. 
Comparable 


© Accurate fluoroscopic MA calibrations facilitate precise 


low MA image intensifier work. only with the 


finest, first-line 
© Separate fluoroscopie KV with integrating timer. apporatus 


Instant operation — mo warm-up necessary. 
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THE | NEW | PHELAN PHASIC 


А. 
B. 





H. 


DYE INJECTOR 


is ready to help you by demonstrating its su- 
perior «quality and simplicity of construction. 
Use this piece for thirty days and convince 
vourself that it is the best value on the market 


today in a phasic dye injector. 


The component parts of the injector are: 


P-essure regulator gauge. 

Vlomentary switch to energize solenoid valve. 
Selenoid switch operating on 115 V. 

А r cylinder—power source. 


Adjustment for graduating amount of media 


expressed. 
VEcro switch to deenergize solonoid valve. 


Plot light operating simultaneously with 


syringe. 


Sringe. 100 ce capacity furnished with unit. 
(50 ce capacity available at extra cost.) 


CO. gas recommended for use. Never use 


oxygen. 


The complete unit is adjustable for height on its vertical standard. Mounted on steel base 


with baked enamel finish—supported by four conductive castors. 


Price—$440.00, f.o.b. Minneapolis. Includes everything pictured with the exception 


of the pressure bottle. 


For further PHELAN MANUFACTURING CORP. 


information write 


or phone collect 2523 Minnehaha Avenue Minneapolis 4, Minnesota 
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PLUS EXCLUSIVE, two-plane rota- 
tion that adds still another dimension to 
your treatment techniques. 


EXCLUSIVE - NEW, fully motorizd, 
built-in stretcher. Precision fingertip pesi- 
tioning reduces set-up time, increases 
technician efficiency and patient's 
comfort. 


For full details on fhe NEW and EXCLUSIVE features available only on 





in QUALITY 


ii cd can n DIAL the field to fit the 
iour — No more clumsy, time con- 
suming shaper blocks. 


NEW -HIGHER CAPACITY. Deliver 
a 300 r tumour dose in 3 minutes at 75 
cm. Increase load — Decrease operating 
costs. 


ALL THIS -plus SINGLE SHAFT 
ROTATION that gives absolute preci- 
sion with a constant, accurately centered 
beam during rotation. Not even the 
slightest “wobble” in sourcehead motion. 


AECL'S THERATFON “B”, please write to 


ATOMIC ENERGY OF CANADA LIMITED 


2- 











angiography 
ventriculography 
pre-operative "previews" 
"pilot" confirmation of 

therapy fields 


orthopedic werk (hip-pinning, etc.) 
"T^ tube cholangiograms 

wet and dry casts 
cholecystography 










.apid radiography 


lowest radiation-dosage 


20% of conventional MAS exposure 


Yields diagnostic x-rays with 80% less 
exposure (average) than conventional films 


require. Woks with any x-ray machine. 





| \ IO secor ds does it all 


\ ; ; No darxroom needed for processing, пог 
— illuminetor for viewing. 
à | 
| | The "rightaway" quality and low dosage of Pcle-cid А mer E. | | x ; i 7 
` MD/RR radiographs bring dramatic benefits to тапу ded € 566 5 
surgical and emergency situations (some аге list-d x | NEAL Sw utr d 


| A | - fastest processing ever 
i d Deliver: finished dry prints right on the stat: 


above). Limited deliveries of the new packets arm . 


scheduled to start in April: for reservations may we | | NTT 
suggest that it is none too soon to check o L 


with your local Picker office. 


\ 
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Or write 
PICKER X-RAY CORPORATION, 
25 South Broadway, White Plains, N.Y. 








Research Department — enlarged: new equipment added; 
Vigorous research first and foremost! 







Housing -— 
Department — expanded: 
more precision equipment added! 





Machine Shop —expanded; complete lathe and 


machine tool set-up for machining all parts 
used in entire Dunlee line! 





Our new plant — only 2 years old 
— is already undergoing many 
dramatic changes in a revolutionary 
expansion program. 





i x І Them 


4. - — 


. . . Glass Blowing Department (above) and Cathode- 
Many Major projects make up this Anode Assembly Department (below) — glass- 


program of continuing improvement of $ enclosed; temperature and humidity con- 
facilities, to provide the ultimate trolled; surgically-clean! М 


іп x-ray and rectifier tube development. 


A few of the major undertakings now 
completed are pictured here: 





1023 SOUTH PUSHECK ROAD • BELLWOOD, ILLINOIS 


Telephones: Bellwood: Linden 7-9535 » Chicago: COlumbus 1-6931 
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Versatile—the Ansco-Tainer is 
the right size for most jobs. 
Holds secomplese Pouchpak from 


a Superpak or 3ulkpak carton. 


Gives you complete safety 


in storing anc transporting X-ray 








A few sheets or a single shee . 
complete safety for exposcl or 
unexposed film, with all the-con- 
venience of total portability. 


films plus these important extras: 


1. Lightweight—strength with- 
out bulk. 
2. Light-tight—completely light 
sealed. 
3. Superior construction—pro- 
tects film against artifacts. 


4. Durable 





Long-wearimg plas- 


tie finish resistant to stains. 


5. Perfect size 





carries just the 


right amount of film: needed to do 


the job. . 


. will hcld a 75 sheet 


interleaved or 150 sheet non-in- 
terleaved Pouchpak from a Su- 
perpak or Bulkpak® carton. 

6. KEconomy—costs far less than 
expensive suitcase containers. 

7. Easier darkroom handling— 
cover opens and closes with ease 
in dark. 


But the new ANSCO-TAINER 
has to be seen to be appreciated! 
Handsome, versatile, the perfect 
darkroom-to-equipment-area 
X-ray film carrier. Pack it, pick 


it up and go... 


no bulky cases 


when bulk is unnecessary. As pro- 
tective and as safe for your film, 
as the darkroom itself! Anseo, 
Binghamton, New York, A Divi- 
sion of General Aniline & Film 
Corporation. 


Ansco 


“STANDEX” TUBE HANGER 


• Accommodates any type or make of diagnostic X-Ray tube 


* Fully counterbalanced for any combination of 
tubes and cones or collimators. 












Here's Standard's answer to the demand 
for a light weight, counterbalanced, 
modern ceiling mounted tube support 
that can be easily mounted to 

replace present equipment 

(tube hanger or tube stand) 

without expensive alteration and with 
a minimum of expense! 


Shockproof cable supports 
permit movement in any 
direction without interference to 
patient or other equipment. 


| One of the easiest to operate 
and maneuver of any tubestand 

on the market tocay! 
Engineered for simple, easy tube And the cost is surprisingly low! 


rotation, angulation and positioning. 


Controls for electrical locks governing 
all movements are located at base of 
tube, within easy reach of all operators. 





Contact the Standard X-Ray Co. 
Dealer in your territory or write 
for complete details to: 





NN ъч =, INN — 
X-RAY COMPANY 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 
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‚ "ways PICKER NUCLEAR can help you... 


Y 





detection 


renal function for separate counting 


hepatic function of radioactivity 


cardiac output from paired organs 


circulation time 
or two points 


cerebral blood flow in a flow system 


cardiac shunt 


Picker Nuclear can help you stucy hypertension of renal origin, or 
acute obstruction or nephrosis of one эг both kidneys by means of a dual 
detection system. The tests require no catheterization: provide information 
about each kidney independently. Reaability is enhanced because the de- 
tectors can be placed and held in роѕівоп with great accuracy, and because 
their shielding minimizes cross interference. 


The twin mast mebile carriage mounts the detectors so 

" | flexibly that they тағ be aimed independently at a lying or 

* | sitting patient at any-angle, from above or below, separated 

" by several feet, or seugged side by side. Such wide-ranging 

movements make for rapid easy placement of probes for 

testing widely ѕерагағей points in a flow system: e.g. circu- 
lation time, cardiac output, and similar investigations. 


coy. 


This Dual Detection system is one 
of the comprehensive Picker line of nuclear 
irstrumentation and supplies: all marketed 
and serviced through a national network 
of company cffices staffed by trained Picker f^ 
people. (Picker alone in the nuclear field offers "ud 
this caliber of local service). i | 


Е 
P 


For details cal! your district office (see phone 
book) or write Picker X-Ray Corporation, | 
25 South Broadway, White Plains, New York. | | 





The dual detection system in use for renal function 

° stucy. It employs two detectors, a dual ratemeter, 
4 а cual recorder, and (optionally) two pulse height 
anelyzers, all “packaged” in a sturdy mobile support. 
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LIQUID 
X-RAY 
FIXER 









LIQUID 
X-RAY 
DEVELOPER 
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HUNT FOR THE BEST IN MANUAL AND AUTOMATIC PROCESSING CHEMISTRY © 


PHILIP A. HUNT COMPANY 
PALISADES PARK, NEW JERSEY 


BRANCHES iN PRINCIPAL CITIES 
In Canada: Philip A. Hunt Company (Canada) Ltd., 207 Queer's Quay West, Toronto 


BiU 


CINEROENTGENOGRAPH 


PROCESSING 





Uses HUNT GRAPHIDONE® a new developing agent 
which improves tonal scale and brings out the u timate 
in film speed. 


Produces films with great clarity due to its extremely low 
fog level, even after high temperature processing 


Films processed in HUNT LIQUID X-RAY DEVELOPER are 
less subject to change with accidental temperature varia- 
tions. This is an additional advantage in reproducing 
X-Ray films of more constant density. 


HUNT RAPID LIQUID X-RAY FIXER fixes films faster and 
hardens thoroughly. This high capacity companion 
product maintains clearing and fixing speed а? high 
level during lifetime of the bath. 











Сгеубие 


STATIONARY X-RAY GRID 


World’s only grid with truly invisible 





Е grid lines. . . five years in development... 


now availcle in limited supply. 





LIEBEL- FLARSHEIM COMPANY 


DIVISION OF RITTER COMPANY INC. 


CINCINNATI 15, OHIO 


VANTED IN SURGERY.....WANTED IN 


New General Electric 


MOBILE EP-3OO 


x-ray mobility with safety in 
any hazardous atmosphere! 





| 


Full-range radiography rolls right into surgery—with never a worry about 
explosion hazards. Wherever and whenever it's needed, the rew General 
Electric Mcbile EP-300 is ready to serve both surgeon and radiologist. 
New desigr features make the unit wonderfully easy to handle—keep 
technic simole and sure when every minute counts. With full 300-ma 
power, radiographs are consistently sharp and clear. 

Outside the operating room, many hospitals will find added uses for 
this versatiE x-ray generator—with no technical compromise. With a 
spare Bucky table, for example, it augments regular radiographic facilities. 
Other possibilities: cast and urological radiography. For these applications 
and others, the new EP-300 gives you wide radiographic flexibility. A 
discussion of some of the features, on the following pages, offers proof. 


GENERAL Э ELECTRIC 
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General Electric Moble EP-3OO 


Provides the extra maneuverability required for radiography of 
the immobile surgical patieat . . . power for the heaviest parts . . . 
speed, with simplified controls . . . and safety in locations where 
anesthetics are being used 


Will carry U/L approval for 
Class І, Group C atmospheres 


Power and control components are sealed her- 
metically within an atmosphere of nonflammable, 
nontoxic gas under positive pressure. Safety de- 
vices protect against both leakage and a buildup of 
pressure. Protection is further assured with G.E.’s 
newly developed explosion-safe tube unit. 





Motorized technic selection 


The revolutionary control panel eliminates the voltmeter 
because of internal, automatic line-voltage compensa- 
üon . . . provides motor-driven exposure selector for 
twelve kilovoltage settings (50 to 125 kvp), six milli- 
amperage settings (3 to 300 ma), and twenty-four time 
settings (1/60 to 5 seconds) which automatically reset if 
the selected technic exceeds tube capacity. X-Ray Value 
Scale (XVS) calibration permits use of simplified technic 
developed by Gerhart S. Schwarz, M.D. (Radiology 
73:749—760, Nov., 1959). 


FA MOBILE EP-3OO 


. designed with 








extra efficiency... 


"On location” in minutes— with ease 


The use of inert gas in place of heavy oil to insulate 
the generator greatly reduces overall weight. This, plus 
large-diameter wheels and a lower center of gravity, 
makes the EP-500 really mobile. A safety plus is 
provided by a braking system actuated automatically 
when the handle is released. 


TO 





This new “EP” x-ray tube unit 
for hazardous locations packs real power —up 
to 500 ma over a range from 50 to 125 kvp. 
The unit is U/L-approved for operation in 
anesthetizing locations. For extra protection, 
it incorporates a special pressure switch to pre- 
vent an exposure from being made should out- 
side gases ever enter the tube unit. 

As installed on the General Electric EP-300 
Mobile X-Ray Unit, or in permanent operating 


‚.....ог x-ray safety 1n surgery 


roem installations, the compact, functional de- 
sign of this tube unit makes for easier positioning 
to save time in surgery. It has concentric, focal 
spots in a choice of combinations (1.0 and 2.0 mm 
or 1.5 and 1.5 mm) for maximum versatility. 

For full details on these new operating room 
x—ay devices, contact your G-E x-ray repre- 
seatative. Or write to X-Ray Department, 
General Electric Company, Milwaukee 1, 4 
casin, Room 1104. 


Progress Is Our Most rnportant Product 


GENERAL З ELECTRIC 










With the twist of a single lock the spot film tunnel and tower are 
disengaged from the Nova-Matic and floated to the parked posi- 
tion leaving the table top completely free for radiography. 


Trim, uncluttered beauties — Nova-Matic tables permit fluoros- 
copy of a far larger area than any other table. You can fluoro- 
scope the entire patient without having to move either the patient 
or the spot film device — thanks to the motor driven table top 
motions (30" toward the head — 30" toward the foot: 6" laterally). 





Here's what 





they're 
saying about 
the all new 


KELEKET 








DRESS: 





X-RAY TABLES 


“It takes all the work out of fluoroscopy” 
, “Tt really is a true island" 
“You never have to move the patient" 
“It looks like Keleket threw away the book and sta rted from scratch 
"The fluoroscopic mechanism is almost weightless” 

“The removable spot film tower and tunnel is a great innovation” 

But pictures speak louder than words. Look over these photos and see 
for yourself some of the many outstanding features of the all new 


Keleket Nova-Matic tables — both the 90°/90° and 90?/15? models. 


Far the Esll-dataile memi: ЖЖ Лы Бел: um Е 


The Nova-Matics take the work out of vertical fluoroscopy. 
The table top is power criven for the most convenient patient 
positioning — for mest comfortable fluoroscopic viewing. 


With long guide pins and positive locks for foolproof, accurate, 
tower and tunnel positioning, attaching and detaching the 
“weightless” unit frem the table is simple and quick. 


Жр; 




















The Nova-Me ic 90°/90° reduces the fatigue of long diagnostic sessions. Here а 
62" radio!sgiet comfortably views the fluoroscopic screen — simply by raising 
the table all tne way up to his natural work position. Shorter or taller radiolo- 
gists can motor drive the table to the ideal heigat ‘or their work. 


Rather ^ar a movement restricting upright barrier between the radiologis 
and patent, the Nova-Matic radiation shield pivots automatically to the mos 
comfort: ble leaning angle allowing more freedom in diagnostic procedures 








The doua-Matic 90°/90° elevates a full 11’. Here it is shown at its minimt 
29" igat. Note the easy accessibility for aven the smallest patient. 





KELEKET X-RAY CORPORATIO 


1601 Trapelo Road, Waltham 54, Massachusetts 
Representatives ia all principal cities 
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From large dense masses 
to confined areas difficult 
to reach, your GEVAERT 
medical x-ray film aids in 
producing an image of con- 
cise clarity and definition. 
And you achieve this maxi- 
mum performance with a 


minimum of exposure. 


GEVAERT \aEN 








Exclusive Distributors: 


LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 


Other Offices: 

9109 Sovereign Row, Dallas 35, Texas 

725 No. Highland Ave., Los Angeles 38, Calif. 
6611 No. Lincoln Ave., Chicago 45, Illinois 


Nationwide Warehousing 


X-RAY FILM * 
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but.... the New LYSHOLM All-Metal 
Grids produce highest quality radio- 
graphs ... AND YOU CAN 4ARDLY SEE 
THE GRIDLINES. 


100 LINES PER INCH. 
ALUMINUM INTERSPACER >. 
THREE FOCAL RANGES 
COVERING 20 TO 150 INCHES. 
THREE RATIOS—8:|! 10:1 12:1 


Parallel-line and criss-cross 


grids also available. 


The New LYSHOLM All-Metal stationary grids 
make radiographs possible which only moving 
bucky grids could produce in zhe past. Even 
though the grids are stationary, the lines are 
almost invisible. 


Ж Ask for a demonstration by your losal 
dealer and you will be thoroughly 
convinced that the NEW LYSHOLM 
ALL-METAL GRIDS are the best ef 
all grids made today. 


DISTRIBUTORS FOR THE UNITED STATES: 


SCHICK X-RAY COMPANY, Inc. 


444 North Lake Shore Drive, Chieago 11, Illinois 
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True 1ОО% automation in 
x-ray film processing 


Extensive research in the radiological field has vir- 
tually dictated every detail in the develspment of 
the FAX-RAY film processor. A few of ће many 
specialized features are: 


l. 


bo 


Automatic feeding . . . magazine is loaded direct- 
ly from the cassette . . . complete processing cycle 
is automatic . . . reduces radiation ехргѕиге to а 
minimum. 

Legibility of detail is increased by 30% over or- 
dinary processing methods. 

Dry to dry processing cycle requires опу 7 min- 
utes . . . delivers 120 (14" X 17”) films per hour, 
smaller films at 240 per hour. 











OSCAR FISHER COMPANY, INC. 


NEWBURGH, NEW YORK 
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No film loss or damage 
makes pile-ups impossible. 
Requires minimal servicing. 
Technicians need not be skilled mechanics in 
order to clean the machine. 

Through the wall installation . film magazine 
extends only 17" into the darkroom. Fax-Ray re- 
quires only 28%” X 68%” over all floor space. 
316L stainless steel construction throughout elim- 
inates any possibility of corrosion. 


transport system 


Investigate the many essential features of the FAX- 


RAY processor 


complete specifications and de- 


tails on your request, 





30% more 
legibility in 
detad ... 
Less exposure 
to radiation 
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NEO-CHOLEX 


IN CHOLECYSTOGRAPHY 


the Modern, Rapidly Acting, Palatable, Concentrated Fat Meal 
Always Ready at Hand for Immediate Convenient Administration 


The fat meal in cholecystography 
is traditional for its efficacy in 
aiding disclosure of gallbladder 
anomalies, small stones, polyps, 
etc. 

However, modern require- 
ments call for detection, as well, 
of abnormalities of the biliary 
tree. 

NEO-CHOLEX, the highly-con- 
centrated vegetcble fat emulsion 
accomplishes both results simul- 
taneously. 


SAMPLES ON 
REQUEST 


3. Cholecystogram 40 
minutes ajter NEO- 
CHOLEX administration. 
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кь, AIG, Inc” —Pharmaceutico!s 

NEW TOQNAL SYNTHETICS INC 
YORK 12, N.Y., U.S.A 


Within minutes after ingestion, 
delineation of the ducts (cystic, 
common and at times hepatic) is 
successfully accomplished with- 
out the hazards of intravenous 
injections. 

Neo-Cholex is palatable, re- 
quires no refrigeration. It also 
avoids the nuisance of a fatty 
breakfast with its attendant dis- 
advantages of bloating, nausea 
and aversion to such foods by 
many patients. 


1. Cholecystogram 
before NEO-CHOLEX 


administration. 


2. Cholecystogram 8 
minutes after NEO- 
CHOLEX administration. 


Б E LL - CR AI G, INC. 270 Lafayette *treet, New York 12, New York 


In Canada: GILBERT & CO., LTD., “oronto, 4 
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"There are three main advantages 


inthe use of TELEPAQUE: 


1. Excellent cholecystograms are readily obtainable. 


2. The side reactions are usually minimal, only rarely 
very disturbing, and often completely absent. 


3. In a fairly large percentage of cases, the cystic and 
the common ducts are quite definitely outlined, 
and occasionally even the hepatic duct.” 


Buckstein, Jacob: The Digestive Tract in Roentgenology, ed. 
2, Philadelphia, J. E. Lippincott Co., 1953, Vol. 2, p. 1003. 


TA 


superior oral 
cholecystography and 
cholangiography 





Telepaque (brand of iopanoic acid), trademark reg. U.S. Pat. Off. 


for double contrast studies— 


ROI D ASI RESULTS LIKE THIS MAY BE OBTAINED ROUTINELY WITH BAROTRAS 
^e R 
2 D Ш THE UNPARALLELED FLOW, COATING, AND WATER RETENTIC 


E PROPERTIES OF BAROTRAST ARE NOT AFFECTED BY MUCIN, ENZYMES OR CHANGE IN pH. B BECAU: 





BAROTRAST'S UNIFORM, STABLE, FLEXIBLE COATING WIL- NOT CRACK OR PEEL. IT ADHERES UNINTE 
RUPTEDLY TO THE INTESTINAL MUCOSA. M AVAILABLE IN 25-LB. CARTONS FROM ALL RADIOLOGIC, 


SUPPLY HOUSES. COMPLETE PROFESSIONAL LITERATURE AVAILABLE. 


“A specially processed 
microparticla form 
of Barium sulfate U.S. P. 
developed and 
manufactured by: 


BARNES-HIND 


BARIUM PRODUCTS INC. 
895 KIFER ROAD 
SUNNYVALE, CALIFORNIA 








MODERN SYSTEMS FOR 





X-RAY FILM PROCESSING 


For AUTOMATIC 
Processing 


Pakorol-X 


Processor 


The new Pakorol-X is a com- 
plete small, compact, low-cost 
system featuring fully auto- 
matic hangerless processing and 
drying. It's fast and quiet — 6% 
minutes total processing and 
drying time for any brand of 
screen film. Satin finish stainless 
steel. AVAILABLE FOR RIGHT HAND 
OR LEFT HAND INSTALLATION. 


















The Model 39-X-Ray Filmtanx provides an 
efficient system for film processing. For 
cleanliness it's stainless steel throughout. 
Individual tanks with tempering cells and 
drain valves. Easy to get at control and 
plumbing connections. Sixty or more radio- 
graphs an hour. AVAILABLE FOR RIGHT HAND 
OR LEFT HAND THRU THE WALL INSTALLATION. 





For consistent top quality control, Pako offers a com- 
plete line of associate products for chemical mixing 
and handling, circulation-filtration and automat c 
temperature control. 


Contact your Fako Distributor, or write directly to Pako Corporation. 
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PAKO CORPORATION 


6300 Olson Memorial Highway « Minneapolis 40, Minnesota 


PAKO FOR PROGRESS 





ILFORD 
RED SEAL 








10 good reasons for using this versatile X-ray film 


Red Seal is an X-ray film of exceptional quality, designed Юг consistently 
dependable performance under a wide range of varying ccnditions. Among 
its many outstanding characteristics the following are most significant: 


E... Seal's extremely high speed enables the use 
of techniques waich minimize patient motion, and 
permits a substantial reduction in exposure. 


E. fine grain and excellent resolving power result 
in remarkably skarp images. 


El... wide latitude of Red Seal reduces the number 


of retakes result ng from errors in technique. 


n... Seal radiographs are clean and crisp, with 
high contrast and low fog level. 


E... Seal is Fighly resistant to improper handling, 
and unusually to erant of adverse darkroom conditions. 


6 Seal сал be processed in all automatic proc- 
essors. 


Й....... absence of curl insures smooth, trouble- 
free operation im h:gh-speed film changes. 


E... quality control guarantees consistent 
performance . . . batch to batch and box to box. 


Й... Seal is folder-wrapped and foil-protected іп 
all standard sizes—5" х 7” through 14" x 17’’—in 25 
and 75 sheet bexes. Large volume users of the 8" x 
10", 10" x 12", 11" x 14" and 14" x 17” sizes will find 
the “Red Seal 500” packing an economical choice. 
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X-RAY FILM 


75 FILMS · FOLDER WRAPPED 


EMBALLAGE RORMAL - RORMALPACKERE 


14х17 356х432. 


ОРЕМ IN DARK ROOM ONLY 
MADE IN ENGLAND BY 
IW FORD LIMITED ILFORD LONDON 


E... delivery of Red Seal is assured; it is 
stocked seld and serviced by General Electric, Kele- 
ket, Ficxer, Westinghouse and their authorized deal- 
ers thrcughout the United States. 


ILFORD INC. 


37 WEST 65ih STREET, NEW YORK 23, N. Y. 


IN CANAL: €anadian distributors for Ilford Limited, 
London:W E Booth Company Limited, 12 Mercer St., Toronto 2B. 
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This is Televex—the modern way in 
fluoroscopic diagnosis. Wi:h West- 
inghouse Televex, the raciologist 
enjoys such advantages as emplifica- 
tion up to 50,000 times for daylight 
fluoroscopy at the lowest radiation 
possible and remote diagnosis. Elec- 
tronic magnification of image gives 
finest detail. The doctor and patient 
become a team. 

For more information: West nghouse 
Electric Corporation, X-Ray Depart- 
ment, 2519 Wilkens Avenus, Balti- 
more З, Md. You can be sure...lf it's 





Westinghouse 


J-08390 


TP 


THE AMERICAN JOURNAL 


OF ROENTGENOLOGY 
RADIUM THERAPY AND 


NUCLEAR 


MEDICINE 





VOL. B5 


APRIL, 1961 





INFANTILE CORTICAL HYPEROSTOSIS* 
AN INQUIRY INTO ITS FAMILIAL ASPECTS 


Ву F. W. VAN BUSKIRK, M.D., JOHN P. TAMPAS, M.D, and О. S. PETERSON, Jr M.D. 


BURLINGTON, VERMONT 


NFANTILE cortical hyperostosis is а 

disease of infants which is characterized 
bv the formation of cortical subperiosteal 
new bone in one or more bones of the bodv. 
Pain and soft tissue swelling over the af- 
fected parts, associated with fever and 
irritability, are found frequently with the 
disease. Usually self-limiting, 1t 1s not as a 
rule followed by any residual skeletal de- 
fcrmitv. 


HISTORICAL REVIEW 


In 1945 Caffey and Silverman? described 
and named this condition. This was fol- 
lowed in 1946 bv a report by Smyth, Potter 
and Silverman! of a series of similar cases 
which had been collected independently. 
Current interest in this condition stems 
from these reperts. 

Prior to 194: there were descriptions of 
certain infantile bone lesions which in all 
probability меша now be classified as 
infantile cortical hvperostosis. West? in 
1888 reported cases in siblings which might 


be explained by the syndrome of infantile 
cortica. hvperostosis but, since this was 
seven years before Róntgen's epoch-making 
discoverv, roentgenographic evidence was 
not available. Roske" in 1930 and Ellis! in 
1939 also reported cases that probably now 
would be classified as infantile cortical 
hvperostos's. In 1939 Catffey! described an 
undiagnosed bone lesion which, with Silver- 
man, he later reported, together with 3 
additional cases, as the basis of the classic 
description referred to above. 

Althouzh prior to 1946 there are only a 
few case reports that can be placed in this 
category, since that time cases have been 
reported w th increasing frequency. In 1950 
Sherman and Hellver' reviewed all of the 
roentgenozrams in their files for the previ- , 
ous twenty years and failed to locate a 
single case that could be classified as infan- 
tile co-tical hvperostosis. It may be inferred 
from this study that the paucity in the 
number of case reports prior to 1946 was 
not dı e entirely to mistaken diagnoses, but 


* From the Department of Radiology, University of Vermont College of Medicine and affiliated hospitals, deGoesbriand Memorial 
] O72) » - } ) 


Hospital and Mary Fletcher Hospital. 


P-esenred before the Section on Diagnostic Radiology, Thirty-fifth Anniversary Congress of the Pan American Medical Association, 


Mexico City, May 5, 9бо. 


613 


614 


that either the disease is an old dBease, the 
frequency of which is increasing, or it is a 
new entity. 

Cavler and Peterson!’ found 17 cases in 
the six and one half years preceding their 
report of 1956; their experience si ggests an 
incidence in practice of 3 cases oer 1,000 
patients under six months of age -egistered 
in hospitals and clinics. They also suggest 
that many cases are overlookec because 
they may be asymptomatic. 

In the reported cases the disease has been 
found to affect equally rich and poor, male 
and female, and it has been seen n practi- 
cally every nationality and in everv race. 


CLINICAL COURSE 


While different cases vary in minor de- 
tails, there are certain more or lees charac- 
teristic features that are present in a large 
proportion of those reported. The disease 
usually appears in early infancy, -he aver- 
age age of onset being about ten weeks. It is 
occasionally manifest at birth? and has 
been seen in the unborn fetus." ? Onset after 
the age of five months is so rare that, ac- 
cording to Caffey,’ initial manifestations 
after this age should raise a question as to 
the diagnosis. 

Initial symptoms and signs are usually 
abrupt. A child who previously aas been 
well develops fever, irritability and one or 
more painfully swollen areas. Swelling 
occurs over the mandible in about 75 per 
cent of the reported cases; ѕме 105 may 
occur over the long bones either with or 
without associated mandibular involve- 
ment. Next to the mandible in frequency 
are the ulnae, clavicles, ribs, radi , tibiae, 
femora, scapulae and fibulae in about that 
order. 

It is the experience of the present authors 
and of others that there are manv cases in 
which the clinical symptoms are sc mild or 
atypical that they easily may be overlooked 
by both the parents and the physicians. 


ROENTGEN FINDINGS 


If a patient suspected of having the 
disease is studied roentgengraphica ly, sub- 
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periosteal cortical thickening of the bones 
will be found beneath areas of soft tissue 
swelling and often elsewhere. This is usually 
present at the time of the initial examina- 
tion but, if not, it mav appear within about 
two weeks. Raised periosteum тау extend 
along the entire shaft but rarelv, if ever, 
does it extend beyond the metaphysis. In 
the early stages the marrow cavity appears 
to be somewhat encroached upon by dense 
cortical bone. The return to normal seems 
to vary in different cases. In some cases the 
subperiosteal new bone appears to decrease 
progressively over the months by an ab- 
sorptive process until the normal contour of 
the bone remains. In other cases marrow 
tissue appears to extend beyond the old 
cortex into the new bone, so that the mar- 
row cavity extends as far as the edge of the 
new bone. The old cortex is replaced by 
marrow tissue and the edge of the new bone 
forms a new cortex with compact bone. 
This results in an apparent expansion of the 
marrow cavity for a period of time. 

Quite often there is an unequal deposi- 
tion of new bone on the shafts o? involved 
long bones. In the tibia there is usually 
greater deposition of new bone on the 
anterior surface than on the posterior, 
lateral or medial surfaces and, conse- 
quently, when retubulation has been com- 
pleted, marked anterior bowing results. 
This may remain for several months after 
the subperiosteal cortical bone has been 
completely replaced by marrow tissue. This 
bowing deformity exists between the ages 
of seven months and one vear. 

Between the ages of one and three vears, 
straightening of the bowing deformities 
usually takes place so that by the age of 
three years there is usually little o7 no trace 
of the disease. 

Catfey®:* has described several cases with 
late skeletal manifestations. 

THERAPY 

The disease does not appear to be influ- 
enced to any appreciable extent by any 
known therapv. 

Treatment is primarily symptomatic. 


Vor, $6, No. 4 


Analgesics such as aspirin and sedatives as, 
for instance, phenobarbital are usually 
adequate for coatrolling pain and discom- 


fort. Cattey’ has suggested the use of 


steroids, feeling that the likelihood of bow- 
ing and other ate deformities might be 
lessened. Sidbury and Бигу! believe 
that such therapy carries with it a certain 
risk and should be reserved for only the 
very seriouslv ill patients. 


ETIOLOGY AND FAMILIAL INCIDENCE 


Although the number of case reports of 
infantile cortical hvperostosis 15 rapidly 
increasing, and in spite of the fact that the 
disease is beinz recognized 1n pediatric 
practice so frecuently that only cases of 
unusual interes: are now being published, 
the etiologv aad pathogenesis are still 
poorly understcod. Thought at first to be 
probably of infectious origin, to date no 
bacterial or virzl agents have been isolated 
as causative factors. Trauma, allergies and 
endocrinopathy have never been proved as 
being related to the disease. 

Recently there has been interest in the 
familial aspects of infantile cortical hyper- 
ostosis. In 1943 Van Zeben'® reported 3 
cases occurring т two siblings and a cousin. 
In 1951 Boves and Demy? reported the 
disease in a brother and sister; from the 
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history elicited, the condition may have 
occurred also in the maternal grandfather 
for it was said that he was "very bow- 
legged.” Ir 1953 Barba and Freriks! and in 
1954 Sidbx ry and Sidbury?? described the 
disease 1r. ablings. 

Since n апе cortical hvperostosis has 
been demonstrated in the fetus zz utero)? 
and also na child within hours after birth,” 
and since this is a disease of early infancy, 
the supposition that this may represent a 
trait carted by the genes is all the more 
plausible 

The present authors believe that evi- 
dence derived from their observations of a 
family saewing the manifestations of this 
disease im 11 members over a period of four- 
teen vears lends support to an hereditary 
factor ia the etiology of the condition 


(Fig. 1). 


REPORT OF CASES 


Case E E.L. On July 25, 1945 a three week 
old fema child was admitted to the deGoes- 
briand Memorial Hospital with the chief com- 
plaint of *e-ying when the legs were extended." 
The chilc *as in so much pain that the mother 
had to lift her by the buttocks. The pregnancy 
had been uneventful and there was no feeding 
problem. There were 5 older children, the oldest 
nine and the youngest three years of age. These 
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O Female 

O Male 

@ Females with Disease 
ш Males with Disease 
Diagnosis by History 


Fic. 1. Incidence of infantile cortical hyperostosis occurring n one family in a fourteen year period. 
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1с. 2. Case т. E.L. Age, three weeks. Tlere is sub- 
periosteal cortical thickening of both tibiae and 
both femora. 


were all living and well and no history could be 
elicited of abnormalities at birth or in early 
infancy. 

The physical examination revealed a well- 
nourished infant who was irritable amd fretful 
and cried when any attempt was made to move 
her. Both legs were swollen and warm to the 
touch. The soft tissues over the femora were 
painfully swollen but not to the same degree. 
The blood count showed white blood cells 95. 
100, 42 per cent neutrophils, 47 per cent lym- 
phocytes, 10 per cent monocytes, 1 per cent 
cosinophils. The rectal temperature wes 99.4°F. 

Roentgenograms of the lower extremities 
(Fig. 2) showed that there was marxed sub- 
periosteal cortical thickening of both t biae and 
associated anterior bowing. On the lateral 
aspects of both femora in the proximal portions 
there was subperiosteal cortical thicken ng. Only 
shght anterior bowing of the legs was evident. 

Repeat examination at four months of age 
(Fig. 3) showed that, since the previous exami- 
nation, there had been an apparent decrease in 
subperiosteal cortical thickening of tle tibiae, 
whereas the thickening of the femora had in- 
creased. The femoral cortical elevatiors at this 
time extended almost the entire length of the 
diaphysis оп the lateral aspects but did not 
cross the epiphyseal plates either proximally or 
distally. The anterior bowing of the ferrora had 
Increased somewhat. 
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Roentgenographic examination at the age of 
seven months (Fig. 4) showed that there had 
been moderate improvement in the amount of 
subperiosteal elevation, especially in both 
tibiae. Regression was also noted in the femora 
where subperiosteal cortical elevation was seen 
only in the middle thirds of the bones. Anterior 
bowing was still present. 

Roentgenograms at the time of discharge at 
ten months of age (Fig. 5) showed marked im- 
provement. Only a trace of cortical thickening 
was noted in each tibia and there was only a 
shght degree of anterior bowing remaining, 
more marked on the left than on the right. 
There was also improvement in the cortical 
thickening of the femora, only a small amount 
remaining on the convex surfaces. Moderate 
bowing still remained in these bones. 

At the end of three years a roentgenographic 
examination showed that all of the cortical 
thickening had disappeared (Fig. 6). No definite 
residual deformity could be seen. 

Roentgenographic examination at the age of 
fourteen years (Fig. 7) revealed the tibiae and 
the femora to be within normal limits. 





Frc. 3. Case т. E.L. Age, four months. The subcorti- 
cal periosteal thickening of the tibiae has appar- 
ently decreased while that of the femora has in- 
creased. Tibial bowing is present. 
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Fic. 4. Case 1. E.L. Age, seven months. Regression of 
the subperiostez] cortical thickening of both the 
tbiae and the femora. Anterior bowing involves 
both the tibiae end the femora. 


Case п. G.L. On March 15, 1947 a six month 
old child, a brother of Case 1, was brought as an 
outpatient to the radiology department of the 
deGoesbriand Memorial Hospital because of 
painful swellings of the arms and legs. 

Roentgenographic examination at that time 
showed subperiosteal cortical thickening of 
both radii, both femora and both tibiae (Fig. 8, 
А and B). 

Roentgenographic examination at the age of 
one year (Fig. g) revealed that the right femur 
was normal but that the left exhibited a moder- 
ate degree of bewing. The examination of both 
tibiae showed that there was still slight cortical 
thickening and bowing. 

An examination performed in 1959 when the 
patient was twelve years of age (Fig. 10 and 11) 
revealed no res dual deformity in either femur 
or in the bones of the legs. 


Case mt. Магу L. On May 25, 1948 a four 
and one half month old female, a sister of Cases 


Infantile Cortical Hyperostosis 





Fic. 5. Case 1. E.L. Age, ten months. Only а trace of 
subperiosteal thickening remains in both tibiae 
and femera. There is slight bowing of both femora 
and tibiae. 


гапа п, was brought as an outpatient to the 
radiology department of the deGoesbriand 
Memorial Hospital with the chief complaint of 
painful swelling of both legs and thighs. 
Roentgenograms were taken of both lower 
extremities and of both forearms (Fig. 12, апа 
В; 13, A and B). There was a marked increase 
in the transverse diameters of the tibiae, in- 
volvement being about equal on each side. The 
increase im the transverse diameter of the bones 
was obviously due to subperiosteal cortical 
thickening which did not extend beyond the 
epiphyseal plates. In addition, there was a 
rather marked degree of anterior bowing and 
some soft tissue swelling. The femora had a 
somewhat similar appearance but the subpert- 
osteal thickening did not involve the bones as 
uniformly as in the tibiae. The involvement was 
less symmetric, being greater on the convex than 
on the concave surfaces. Anterior bowing was 
present. Examination of the 
showed moderate subperiosteal cortical thicken- 


also torearms 
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Fic. 7. Case r. E.L. Age, fourteen years, Roentgeno- 
graphic appearance of both tibiae is within normal 
limits. 


the Jeft tibia with anterior bowing of the shaft. 

No evidence of fracture could be seen. 
Examination of other bones disc osed sub- 

periosteal cortical thickening of the medial ends 


Nic. 6. Case 1. E.L. Age, three years. Roentgeno- 
graphic appearance of both femora and both tibiae 
15 within normal limits. 


ing of the distal thirds of both radii. 

No other parts of the body were examined 
roentgenographically but there were no symp- 
toms to suggest involvement of other bones. 
There was no mandibular swelling. 

A roentgenogram of both legs in toso (Fig. 
14, £ and B) when the child was eleven years of 
age, revealed no residual deformitv of either 
tibia. 


Case Iv. Michael L. On May 14, 19:2 a three 
month old male infant was sent to the radiology 
department of the deGoesbriand Memorial 
Hospital. Three weeks previously the child had 
fallen from his crib and since that time he had 
been “fussy and cranky.” Swelling had ap- 
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peared over his left leg and had become pro- 


gressively worse. 





Anteroposterior (Fig. 15) and lateral roent- | 
genograms of the left lower extremity revealed рус. 8. Case и. G.L. Age, six months. (4 and B) 
subperiosteal new bone formation of a consid- Subcortical periosteal cortical thickening on the 
erable degree involving the middle portion of medial side of the midshaft of the left tibia. 


Vor. 85, No. 4 Infantile Cortical Hyperostosis 619 


16. IO, Case п. G.L. Age, twelve years. Both tibiae 
are witain normal limits. 


+ а" 


"u- 


54 
и? 





l'1G. 9. Case rr. G.L. Аве, one year. Slight subperi- 
osteal cortical taickening of both tibiae; lateral 
bowing of the left femur. 


тс. ті. Case п. G.L. Age, twelve years. Both 
femora a-e within normal limits. 
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Fic. 12. Case ш. Mary L. Age, four and one half months. (4 and B) Marked subperiosteal cortical thicken- 
ing of both femora ond tibiae, with anterior bowing of both tibiae. 


of both clavicles, more prominent en the left 
than on the right side. There was ~ery slight 
involvement of the right humerus b it none of 
the left. There was also slight involvement of 
both radii and of the mandible. 
Re-examination at the 
showed no residual abnormalities (Fz. 16). 
Inquiry into the family history disclosed that 
this child was a first cousin of Case: 1, п and 


пі (Fig. т). 


аре ої SIX years 


Case v. N.L. On May 24, 1952 a fve month 
old infant was admitted to the pediat-ic service 
of the deGoesbriand Memorial Hos»ital. One 
day prior to admission, the mother ncticed that 
the child was very irritable and seemed feverish. 
However, the axillary temperature taken at 
home was only 98?F. А cough developed simul- 
taneously with the other symptoms. 





Fic. 13. Case і. Mary L. Age, four anc one half 


months. (4 and B) Subperiosteal cortic:! thicken- 
ing of both radii. 


On admission, rectal temperature was 102?F., 
pulse 145 and respiration 4c. Physical examina- 
tion revealed slight asymmetry of the head and 
a swelling of the mandible on the right. On 
palpation a firm area of induration was felt at 
the angle of the mandible. Pressure over this 





тс. 14. Case тп. Mary L. Age, eleven years. (4 and 
B) Both tibiae are within normal limits. 





Fic. 15. Case ту. Michael L. Age, three months. 
Subperiosteal cortical thickening of the left tibia. 
(Right tibia was normal.) 


area caused the infant to cry. There was slight 
pharyngeal injection, and dullness to percussion 
was noted over the right upper lung field. The 
tentative admission diagnosis was acute bron- 
chitis or atvpical pneumonia. 

Rcentzen examination of the chest revealed 
enlargement of the middle third of the left 
clavicle (Fig. 17) and involvement of the man- 
dible; a portion of the left humerus that was 1n- 
cluded on the roertgenogram also showed some 
cortical thickening. The lung fields were clear 
and the cardiac silhouette was believed to be 
within normal limats. On the basis of this chest 
roentgenogram, the possibility of infantile corti- 
cal hvperostosis was suggested and roentgeno- 
graphic examinations were made of other bones. 
They revealed that there was characteristic 
invclvement of the left humerus and the radu 
(Fig. 18, 4 and B). 

The laboratory findings included a normal 
urinalysis, hemoglobin of 12 gm. per cent, an 
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Fic. 16. Case iv. Michael L. Age, six years. Both 
lower extremities are within normal limits. 


ervthrocyse count of 4.6 million, leukocytes 
32 per cent neutrophils, 62 per cent 
Ivmphocy es and 6 per cent monocytes. The 


0,700, 
temperature returned to normal on the second 
hospital day and the child was taken home on 
the third aospital day against advice. 

Upon further investigation 1t was discovered 
that this parient was a first cousin to Cases т, п, 
Hi and ту. 





Fic. 17. Czse v. N.L. Age, five months. Expansion 
of the middle third of the left clavicle. 
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Fic. 18. Case v. N.L. Age, five months. (4 and В) 


Subperiosteal cortical thickening or the lateral 


side of the left humerus and on the ulnar side of 


the left radius. The epiphyseal plate of the left 
radius is somewhat distorted. 





lic. 19. Case vi. Н.Р. Age, twenty-five years. The 
left femur shows a marked degree of 1: teral bow- 


ing. 
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lic. 20. Case эт. Н.Р. (4 and B) There is a double 
bow involving both tibiae, medially in the proxi- 
mal thirds and laterally in the middle thirds. Cor- 
tical thickening of the latera surface of the left 
tibia appears to be of the stress reaction type. 


Case vi. H.P. This patient was a nonsymp- 
tomatic twenty-five year old male, who was 
first seen at the deGoesbriand Me попа! Hos- 
pital on April 19, 1959. He is a first cousin of the 
preceding 5 cases. His older brother and sisters 
stated that he had had swollen extremities as a 
child but the patient had never been exam- 
ined roentgenographically until this admission. 
Marked bowing of the extremities, present in 
infancy and childhood, had persisted into adult 
life. 

Roentgen examination of the lower extremi. 
ties showed a marked lateral bowing of the left 
femur (Fig. 19) with thickening of the cortex on 
its medial side resembling a stress reaction. The 
lateral cortex was of normal thickness. Similar 
changes were noted on the right femur. There 
was a double bow involving both tibiae (Fig. 20, 
A and B). 


was medial and in the middle thirds it was 


In the proximal thirds the bowing 
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lateral. The cortical! thickening of the lateral 
surface of the left tibia appeared to be of the 
stress reaction type. Roentgenogram of the 
right humerus (Fig. 21), showed localized corti- 
cal thickening of the lateral aspect slightly 
below the insertion of the deltoid tendons, and a 
similar change was also observed on the right 
side. Except for the slight convexity, the align- 
ment of the humeri was straight. There was 
moderate cortical thickening of both radii and 
ulnae (Fig. 22, 4 and B) with ventrolateral 
bowing of the former and dorsomedial bowing 
of the latter. 

The roentgenographic findings in this case are 
not pathognomonic of any single condition. 
Ном ever, the history suggests that the patient 
may have had infantile cortical hyperostosis 1n 
early childhood. Inasmuch as he is a first cousin 
of the previously described cases and the father 
of 3 children subsequently studied and shown to 
have characteristic stigmata of infantile cortical 





Fic. 21. Case vi. Н.Р. Localized cortical thickening 
on the lateral aspect of the middle third of the 
right humerus. 
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Fic. 22. Case vr. Н.Р. (4 апа B) Slight cortical 
thickenirz of both radii. There is ventrolateral 
bowing c^ the radii and dorsomedial bowing of the 
ulnae. Radial joint surfaces are tilted in a manner 
similar te that seen in Madelung's deformity. 


hvperostosis, and since Caffey has described 
bone cha: ges of infantile cortical hyperostosts 
persisting into later life, it seems reasonable to 
suggest that this patient did have the disease in 
childhood, and that his skeletal deformities are 
the resultof the active phase of the disease. 


Case ут. К.Р. А three month old daughter of 
Case v1 was seen at the Mary Fletcher Hospital 
Pediatric Clinic on June 25, 1956 with the chief 
complain’ of painful, tender swelling of the 
right leg. The child's prenatal and birth history 
was uneventful. No areas of soft tissue swelling 
were observed on physical examination other 
than thar noted over the right tibia. 

Roentgen examination of the lower extremi- 
ties (Fig 23) demonstrated that there was 
marked subperiosteal cortical thickening on the 
medial borders of the tibiae. The femora and 
fibulae vere uninvolved. A roentgenogram of 
the skul (Fig. 24) revealed evidence of sub- 





hic. 23. Case уп. K.P. Age, three months. Marked 
subperiosteal cortical thickening of the medial 
borders of both tibiae; the femora an1 fibulae are 
uninvolved. 


periosteal cortical new bone formation involv- 
ing both the right and left sides of tae body of 





l'1G. 24. Case уп. K.P. Age, three months. Subperi- 
osteal cortical thickening involving the body of the 
mandible on both the right and the let sides. 
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FIG. 25. Case уп. K.P. Age, three months. Fusiform 
zones of subperiosteal thickening on the superior 
surfaces of both clavicles. 


the mandible. On an anteroposterior chest 
roentgenogram the middle third of each clavicle 
showed a localized fusiform zone of subperiosteal 
cortical thickening тоге prominent on the 
superior than on the inferior surface (Lig. 
25). This gave the appearance of a superior 
bow to the upper surface of the clavicle without 
accompanying bowing of the inferior surface. 
Examination of each arm and forearm showed 
cortical thickening of both humeri and ulnae. 

Repeat roentgenograms one month later (Fig. 
26 and 27), when the child was four months of 
age, showed that the bony abnormalities had 
partially but not fully regressed. Roentgeno- 
graphic examination at the age of three vears 
revealed that the mandible and tibiae had been 
restored to normal anatomic contour (Fig. 28 
and 29). 

Case уш. J.P. A sister of Case уп and 
daughter of Case vi and a first cousin once 
removed of Cases 1, 11, 111, 1v and v was born at 
the Porter Hospital, Middlebury, Vermont, in 
June, 1957 after a normal pregnancy and deliv- 
ery. In view of the strong family history of 
infantile cortical hyperostosis, roentgenograms 





їс. 26. Case уп. К.Р. Age, four months. Fusiform 
swellings of both clavicles have partially regressed. 





"IG. 27. Case уп. K.P. Age, four months. Subpert- 
osteal cortical thickening of both tibiae has par- 


tially regressed. 


were taken twenty-four hours after delivery. 

A roentgenogram of the skull (Fig. 30) showed 
narked subperiosteal cortical thickening of the 
intire body ef the mandible and of the rami to a 
esser degree. The condyloid processes were 
Both clavicles fusiform 

Examination of the forearms 


ininvolved. showed 


nlarzement. 


m 


hec 


Fic. 28. Case уп. K.P. Age, three years. The man- 


dibl 


now is normal in appearance. 


Infantile Cortical Hvperostos:s 








lic. 29. Case уп. K.P. Age, three years. Except for 
slight bov mz of the medial cortices of the tibiae, 
the contoar of the bones is within normal limits. 
demonstraceel marked subperiosteal cortical 
thickening o£ both radii (Fig. 31, ,7-D). The 
thickening on the medial sides of the proximal 
halves of the bones and on the lateral sides of 
the distal Fas es of the bones gave a double bow 
appearance to these structures. This bowing 
was quite -ezl and not just an illusion produced 
by the suliperiosteal thickening, since the distal 
radial art cations were angulated medially 


Li 
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тс. 30. Case уи. J.P. Newborn. Subperiosteal cor- 
tical thickeming of the body and both rami of the 


mandibb. 
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Fic. 31. Case уш. J.P. Newborn. (4 and В) Right 
and (C and D) left side. Marked subperiosteal cor 
tical thickening of both radii. The distal halves of 
the bones have a double bowed appearance, 





l'16. 32. Case уш. J.P. Newborn. (4 and В) Marked 
subperiosteal new bone formation of both tibiae 
and fibulae. 
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l'1G. 33. Case уш. J.P. Age, six months. (4 and B) 
Lateral views. Marked anterior bowing of the 
tibiae without evidence of subperiosteal cortical 
thickening at this time. The medullary portions 
appear to be larger than normal. The fibulae are 
straight. 


about 45 degrees, while the uninvolved ulnae 
showed no deviation of the distal articulations. 
Roentgenograms of both legs (Fig. 32, Æ and В) 
showed marked subperiosteal new bone forma- 
tion of both the tibiae and the fibulae. The 
thickening of the tibiae was for the most part on 
the anterior surfaces of the bones with marked 
anterior bowing; on the other hand, the thicken- 
ing of the fibulae was on the posterior surfaces, 
with no associated bowing. The other skeletal 
structures of the body were not involved to any 
appreciable extent. 

During the ensuing six months the child 
grew normlly, seemed to have relatively little 
pain, but had slight soft tissue swelling of both 
legs. Roentgenography at the age of six months 
revealed considerable regression of all bony 
changes. On examination of the legs, practically 
all of the cortical thickening was seen to have 
disappeared, but there was still marked anterior 
bowing of the tibiae (Fig. 33, 4 and B), and in 

] Я and В) it 
was noted that both tibiae angulated medially 
to give a marked tilt to the ankle joints. The 
cortical thickenings of the fibulae nored at birth 
had subsided except for their midportions, but 
with remarkably little bowing of the fibulae 
compared to that of the tibiae. There was little 


the anteroposterior view (Fig. 34, 





lac. 34. Case уш. J.P. Age, six months. (4 and B) 


Ante roposterior views. Marked lateral bowing of 


the distal thirds of -he tibiae. 
reactive cortical taickening on the concave 
surfaces of the bowed tibiae. The femora and 
the tibiae showed abnormal tubulation with 
expansion of the su»cortical cancellous portions 
of the shafts. 





Fic. 35. Case уш. J.P. Age, twenty-two months. (4 


and В) There is still marked anterior bowing of 


the tibiae. 
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Fic. 36. Case тх. D.P. Newborn. Marked subperios- 
teal cortical thickening of the body and both rami 
of the mandib!e and of both clavicles. 


Roentgenograms of both legs at the age of 
twenty-two months (Fig. 35, £ and B) revealed 
that there wzs still marked anterior bowing of 
both tibiae. Since thickening of the cortices was 
observed on the concave surfaces, the bones 
appeared to be reacting in accordance with 


Stress. 


Case rx. D.P. A daughter of Case vi and a 
sister of Cases уп and уп was born at the 
Porter Hospital, January 19, 1959 after a full 
term pregramcy terminating with spontaneous 
delivery. At the time of birth it was noted that 
the lett leg was swollen and the infant appeared 
unable to move the extremity. Roentgen exami- 
nation made one hour after delivery showed 
findings characteristic. of infantile cortical 
hyperostosis in the mandible, clavicles, tibiae, 


and fibulae (Fig 36 and 37). On February 6, 


- 





37. Case Іх. D.P. Newborn. Marked subperi- 
osteal cortical thickening of both femora and 
tibiae, with slight anterior bowing. 


FIG. 


F. W. 
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Fic. 38. Case ix. D.P. Age, three mcaths. Regres- 
sion of the subperiosteal cortical thiekening of the 
mandible. 


1959, at the age of two weeks, the patient was 
transferred to the Mary Fletcher. Hospital. 
Blood cell count showed a mild leuk »cvtosis and 
a normal hemoglobin. The sedimeatation rate 
was slightly elevated. The alkaline shosphatase 
was 149 King-Armstrong units. The serum 
calcium and phosphorus were witiin normal 
limits. The urinalysis and blood se-ology tests 
were normal. 

In view of the severe changes ard the poor 





lic. 39. Case 1x. D.P. Age, three month . The sub- 
periosteal cortical thickening of the f mora has 
been partially resorbed. 
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l'1G. 40. Case 1x. D.P. Age, three months. There is 
beginning resorption of the subperiosteal cortical 
thickening of the tibiae. 


clinical appearance of the child, it was felt that 
à course of sterold therapv was indicated. She 
was placed on cortisone, 50 mg. daily, and dis- 
charged two days after admission. Eleven davs 
later she was readmitted with a history of cva- 
and diarrhea. Physical examination 
revealed a right otitis media. Although the 
tenderness over the tibiae had decreased, it was 
thought that cortisone had not altered the 
course of the disease to any appreciable degree 
and the drug was discontinued. She was placed 
on antibiotics and discharged four days later; 
the otitis media had improved. 


nostis 





lic. 41. Case x. B.B.P. Age, one day. Marked sub- 
periosteal cortical thickening of the mandible, 


VoL: $5, INO; 4 


Roen-genograms taken three months after 
birth showed distinct regression in the amount 
of cortical thickening, but definite abnormali- 
ties were still present in all bones that previ- 
ously had been noted to be involved (Fig. 35, 39 
and 40). 


Case x. B.B.P. Following a full term spon- 


taneous delivery оп February 7, 1960, a male 
infant, brother of Cases vir, viri and IX, was 


noted to have marked soft tissue swelling of 


both legs with moderate prominence of the 
tibiae. The following day, soft tissue swellings 
of the forearms and over the mandible ap- 
peared. The child was generally irritable and 
fussv and seemed uncomfortable whenever his 
extremities were moved. He was afebrile 
throughout his five day hospitalization. 

Roentgenograms taken the day after delivery 
(Fig. 41 and 42) revealed classic hyperostotic 
changes involving the mandible, clavicles, radii 
amd tibiae. 

The infant was examined at six weeks of age, 
at which time he appeared less irritable. The 
soft tissue swellings of the extremities appeared 





Fic. 42. Case x. B.B.P. Age 


one day. Marked sub- 
periosteal cortical thickening of both tibiae and 
radi. 


, 
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liG. 43. Case xL B.C. Newborn. Subperiosteal corti- 
cal thickening of both tibiae. 


to be unchanged and the mandibular swelling 
was more prominent. 


Case xt. B.C. A female child, a niece of Cases 
I, 1t and 111, was born in the Burlington County 
Hospital, Mount Holly, New Jersey. At birth 
she was noted to have soft tissue swellings over 
the mandible and lower extremities. The child 
was asymptomatic and did not seem to be in 
pain. Roentgenographic examination а few 
hours after birth showed subperiosteal cortical 
thickening of the mandible, clavicles and tibiae 
consistent with the diagnosis of infantile corti- 
cal hyperostosis. Figure 43 illustrates the sub- 
periosteal cortical thickening of both tibiae. 

The child grew and, subsequently, at the age 
of eleven months, was examined at the deGoes- 
briand Memerial Hospital. Roentgenograms of 
the mandible, clavicles, femora and tibiae 
iar ges consistent with the diagnosis of 





showed с 
infantile cormcal hyperostosis. There was corti- 
cal thickening of the right femur associated with . 
anterior bewing (Fig. 44). Both tibiae showed a 
marked ameunt of anterior bowing but no 
subperiosteal cortical thickening at this time 
(Fig. 45). 


DISCUSSION 

The 11 cases reported may be classified as 
consistent with the diagnosis of infantile 
cortical hv perostosis. A question might be 
raised concerning Case vi. At the time of 
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lic. 44. Case xr. B.C. Age, eleven menths. Subsid- 
ing subperiosteal cortical thickenirg апа slight 
bowing of the right femur. 


this report he is twenty-five vcars of age, 
the father of 4 typical cases, and a first 
cousin of 5 other cases. As an in ant and in 
early childhood, he is said to have had pain- 
ful swelling and deformities of tae extremi- 
ties, which left him with markec bowing of 
the legs that has persisted into adult lite. 
Unfortunately, he was never examined 
roentgenographically during the active 
phase of the disease, but recent roentgen 
studies show bowing deformities of both 
femora and tibiae similar in appearance to 
those reported in certain late stages of 
infantile cortical hyperostosis. A though no 
other adult case with changes o` this type 
has come to our attention, Cattey has re- 
ported late deformities of a slightly ditter- 
ent nature. In view of the above findings it 
is reasonable to postulate that tais patient 
probably did have infantile cortical hyper- 
childhood and that a rather 
unusual type of bony deformity remains. 

In the 11 cases reported, ther* 1s roent- 
genologic evidence of the disease having 
existed in at least two generaticns of one 
family. The father of Cases т, 11 and rir is 
said bv his familv to have had a similar 
affliction in childhood, but there is no 
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roentgenographic evidence to support this 
assumption. If this bit or history is reliable, 
there 1s evidence that the disease existed in 
three generations of this one family. 

[t would appear that the transmission of 
the disease from the second to the third 
generation was by the male in one instance 
and by the female in a second instance. In 
the possible transmission of the disease 
trom the first to the second generation (for 
which the family history is the chief source 
of information), 1t would appear that the 
disease was transmitted in 3 instances by 
the male and in 1 instance by the female. It 
would, therefore, seem reasonable to con- 
clude that in this familv the disease was 
transmitted by both the male and the 
female. 

It also seems probable trom this study 
that in several cases the disease was trans- 
mitted by a parent in whom the disease 
was not clinically manifest. This could be 
interpreted as indicating that some indi- 
viduals may be carriers of the disease with- 
out having clinical manifestations or that 


ic. 45. Case xi. B.C. Age, eleven months. Anterior 
bowing but no subperiosteal cortical thickening of 
the tibiae. 
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the disease may be of such a mild nature in 
some individuals that it is not identified. In 
support of the latter possibility, it is note- 
worthy that in our series the manifestations 
of the disease in Case уш and Case xi were 
of a very mild nature with no symptoms of 
consequence. The disease could easily have 
been overlooked had it not been for the 
known historv of other cases in the same 
familv. 

The evidence presented adds support to 
the belief expressed previously Ьу Boves 
and Demy, Sidbury and Sidburv,^ Van 
Zeben!’ and others that this disease has a 
familial tendency and may be transmitted 
Ьу the genes, at least 1n some instances. 

The disease is usually self-limiting. 
Ordinarily, by the end of the first year only 
a small amount of residual bony deformity 
remains, and by the third vear the bony 
skeleton has returned to normal in most 
instances. Cases 1, 11 and 111, aged fifteen, 
thirteen and twelve years, respectively, at 
the time of this report, are all healthy, well- 
developed adolescents with no detected 
traces of skeletal deformities. Case vı 
demonstrates that the exceptional case (as 
Caffey also described) may have residual 
deformities persisting into adult life. 

In most respects the roentgen manifesta- 
tions of the cases presented have followed 
the usual pattern, both as to the tvpe of 
involvement of the individual bones and as 
to the bones involved. It is worthy of note 
that in the early cases (Case 1, 11, 111, 1v and 
v) the mandibular manifestations of the 
disease were not as prominent as those 
usually described. 

There is still much to be learned concern- 
ing this disease. It is hoped that this presen- 
tation will stimulate others to make further 
inquiries into its familial aspects so that the 
natural historv of the disease тау become 
better understood. Since many of these 
patients had very mild or atypical symp- 
toms, 1t 15 also suggested that roentgeno- 
graphic studies be made of nonsympto- 
matic as well as of symptomatic infants in 
tamilies where the disease has already been 
manifest. 
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SUMMARY 


г. Eleven cases of infantile cortical 
hvperostosis in two generations of one 
family are reported. 

2. The cases, added to those already 
reported by others, lend support to the con- 
tention that m some instances this disease 
has a famil al tendency and may be trans- 
mitted by the genes of both males and 
females. 

3. In some cases, the clinical and roent- 
genologic manifestations are marked and 
severe, while in others they are so mild or 
atypical that the disease may be easily 
overlooked. 

4. Family iistories should be evaluated 
carefully tcr all known patients. It is sug- 
gested that meentgenographic examinations 
be carried out on both symptomatic and 
nonsymptematic infants in families where 
the disease has already been manitest. 

с. While the disease is usually self- 
limiting, with no residual deformities, an 
occasional case may show late skeletal 
abnormalities persisting even into adult 
life. 

F. W. Van Baskirk, M.D. 
Department о! Radiology 
University of Vermont 

College of Medicine 

Burlington, Yermont 
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John Caffes for his study of and comments on 
these cases: te Dr. Jerold F. Lucey and to Dr. 
Anthony J. Tabacco for their help on this proj- 
ect; and to D-. Harry P. Kane for permission 
to use some of the roentgenograms reproduced 
to illustrate Case xı. 
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FAMILIAL IDIOPATHIC OSTEOARTHROPATHY* 


By GUIDO CURRARINO, M.D., CAPTAIN RALPH C. TIERNEY, MC, USAF;,f 
ROGER G. GIESEL, M.D., and CARL WFIHL, M.D. 


CINCINNATI, OHIO 


HE term osteoarthropathy (or hyper- 
trophic osteoarthropathy) refers to a 
well known syndrome manifested princi- 
pally by clubbing of the fingers and toes, 
subperiosteal new bone formation and 
arthropathv. Two major forms of the svn- 
drome are recognized: a secondarv and a 
primary, or idiopathic. The former occurs 
in the course of, and is precipitated bv, an 
underlving pathologic process; the latter 15 
not associated with anv known disease 
process to which it might be secondary. 
The idiopathic form is much less common 
than the secondary, occurring only in ap- 
proximately 3-5 per cent of cases.!?*? 
Idiopathic osteoarthropathy has the pecul- 
iar tendency to be associated with a special 
type of pachydermia; when this additional 
feature is present, the syndrome is often 
referred to as pachydermoperiostosis. Defi- 
niteinstancesofidiopathicosteoarthropath y 
without pachydermia have been reported. 
The major clinical manifestations of the 
variants of the svndrome, their probable 
inter-relationships and their relation to 
simple or primary clubbing will be reviewed 
briefly. In the case reports, the clinical 
history and findings of 2 Negro female 
siblings affected with idiopathic osteo- 
arthropathy without pachydermia will be 
presented; these 2 children are of interest 
because of the great rarity of the disease in 
the first decade of life, and because of some 
unusual features which they presented in 
infancy. 


SECONDARY OSTEOARTHROPATH Y?:20.22,25,28 


The predisposing lesion, usuallv of а 
chronic nature, may be pulmonary, pleural, 
mediastinal, cardiac, hepatic, or gastro- 
intestinal; on rare occasions it originates in 
other organs or is systemic. Since in most 


instances the causative factor 1s pulmonary, 
the disease 1s sometimes also termed pul- 
monary osteoarthropathv. Males are more 
commonly affected than females, and 
adults much more frequently than chil- 
dren.* The joint manifestations and the 
periostitis rav be mild or even absent, 
whereas the clubbing is very seldom, if 
ever, missinz. Joint manifestations occur 
in approximately one third of the cases and 
consist of svelling and tenderness, mainlv 
in the knees, ankles and wrists. Joint effu- 
sion may be present. Joint pain and pains 
in the limbs are frequently present, but 
rarely severe. 

Roentgenographically and pathologically 
there is a svmmetric, but usually not very 
pronouncel, periosteal new bone forma- 
tion, which s often limited to the diaphyses 
of the long bones (especially the distal 
portions cf the extremities), metatarsals, 
metacarpals, and proximal and distal 
phalanges The new bone tends to have 
wavy contours and to be separated from 
the old co-tex bv a thin radiolucent line. As 
a rule, the articular surfaces are not dis- 
turbed. 

The onset of the osteoarthropathy gen- 
erally follows that of the primary process, 
but on occasions the osteoarthropathv 
antedates the onset of the clinical and 
roentgenographic manifestations of the 
precipita-iaz lesion even by several months. 
The svmptoms and findings of the osteo- 
arthropa-hy may wax and wane with the 
activity 5^ the etiologic process and may 
clear partially or completely with improve- 
ment or cure of the primary disease. 


I "^CHYDERMOPERIOSTOSIS'! 
This was first recognized as а separate 
entity by Touraine e£ al’! in 1935. The 


* From the Departments of Radiology and Pediatrics, College of Medicine, Unixersity of Cincinnati, The Children’s Hospital, 
The Children's Hospital Research Foundation and The Cincinnati General Hos>i-al, Cincinnati, Ohio. 
+ This paper reflects the authors’ personal views and is not to be construed as a statement of official Air Force policy. 
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affected patients show a marked thickening 
of the skin of the forehead and face, with 
prominent creases and folds, suggesting 
the leonine facies of leprosv. The lids are 
also thickened. Cutis verticis gvrata* is 
present in some patients. The clubbing is 
usually pronounced and the soft tissues of 
the hands and feet are greatly enlarged. 
The skin of the distal portions of the fore- 
arms and legs tends to be indurated. The 
skin 1s oily and the hands and feet show 
increased. perspiration. Joint swelling and 
articular or limb pain тау be present. 

Roentgenographically and pathologically 
all the long bones of the extremities, and in 
severe cases all the bones of the skeleton, 
show a symmetric and often severe perios- 
teal new bone formation which, in con- 
trast to that of secondary osteoarthrop- 
athv, tends to be confluent with the old 
cortex. The affected bones are wide and 
their contours are irregular; their texture 
Is very coarse and their medullary canals 
are often encroached upon and narrowed. 
The articular surfaces are usually spared. 
In the majority of cases the changes start 
suddenly at fourteen to eighteen years of 
age and progress for a few years, after 
which they remain stationary. 

The patients are rarely incapacitated 
and life expectancy does not seem to be 
affected. The disease affects males almost 
exclusively and may occur sporadically or 
in families. А familial incidence has been 
reported in approximately 25 per cent of 
the cases. A recessive or irregularly domi- 
nant gene has been incriminated. 


IDIOPATHIC OSTEOARTHROPATHY 
WITHOUT PACHYDERMIA 


Under this heading may be grouped all 
the patients with idiopathic osteoarthrop- 


* Cutis verticis gyrata? is an unusual dermatologic condition 
affecting the scalp and is characterized by the presence of elevated 
and usually longitudinal skin folds, between which are furrows or 
grooves resembling brain convolutions. It may involve the whole 
scalp or only part of it. In 25-50 per cent of the cases, it is present 
at birth; in the remainder it develops before the end of middle 
life. It appears to be more common in males and has a familial 
incidence of approximately 5 per cent. The patients are asympto- 
matic. There is a primary form which is thought to be a develop- 
mental anomaly and a so-called secondary form which follows or 
accompanies a local or a generalized disease such as that under 
consideration. 
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athy who do not show апу thickening of 
the soft tissues of the forehead and face. 
This type of osteoarthropathy is in many 
other respects similar to, and mav be an 
incomplete form of, pachydermoperiosto- 
sis. The disease seems to predominate in 
males and in the Negro race and can be 
familial or sporadic. Its manifestations 
commonlv start during the second decade 
of life. In some patients the clubbing ante- 
dates the other features bv many vears 
and may even be congenital. Clubbing is 
apparently always present, whereas the 
arthropathy or the periostit s may be miss- 
ing. The periostitis is usually mild and 
commonlv 1s localized to the long bones of 
the distal parts of the extremities. The 
joint swelling may be associated with mild 
pain. Frequently articular swelling and 
pain are precipitated or intensified by cold 
and humid weather. A joint effusion may 
coexist. In addition to the swelling of the 
knees, ankles and, often, tne wrists, the 
soft tissues of the hands and feet may show 
some enlargement, and there may be an 
induration of the soft tissues of the distal 
forearms and legs. As in the other forms of 
osteoarthropathy, increased perspiration 
of the hands and feet is not uncommon and 
eczema may be present. Gene-al health and 
life expectancy are not affected. 

Probable cases belonging to this category 
have been described by Berk,? Camp and 
Scanlan,* Carruthers, de бете and Jur- 
mand,’ Fairbank,!® Hollar and Agnor, 
Keats and Bagnall," Mankowsky et a7.,?! 
Ragins and Freilich,** | Schónenberg,?* 
Thomas," and Weens and Brown. Of 
interest for their voung age are the five and 
eight year old brothers described bv Sché- 
nenberg;** both had generalized clubbing of 
the fingers and toes from infancy, chronic 
eczema, hvperhydrosis of the hands and 
feet and an increased serum gamma globu- 
lin. The younger sibling also had had 
swelling of the knees since his second year. 


SIMPLE OR PRIMARY CLUBBING 


Clubbing, which occurs in the various 
forms of osteoarthropathy, is seen also in 
cyanotic congenital heart diseases and as a 
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simple or primary anomaly in otherwise 
normal individuals. The clubbing which 
occurs in cvamotic congenital heart disease 
apparently is very seldom associated with 
periostitis and arthr tis^?* and may be of a 
different nature. Simple clubbing!???* may 
be sporadic, familial and hereditary. In- 
heritance is though: to be dominant. The 
clubbinz тау be generalized or may in- 
volve individual fingers and toes in varying 
degrees.” It may be present at birth. but 
mcre commonly it becomes evident in 
childhood or later Е е. Once present, 1t does 
пот regress. In some instances, it has be- 
come more prominent during middle age.” 
Increased perspiration of the palms and 
soles is not infrequent. The skin of the 
distal forearms and legs is sometimes 
slightly thickened. It has been state : 
that in simple clubbing there is no tendency 
toward the development of arthritis or 
periostitis, but exceptions to this rule can 
be found in the literature; these exceptional 
cases have been mcluded in the group of 
patients considered :n the preceding sec- 
tion. 


COMMENT 


It appears that the various forms of 
osteoarthropathy, cutis verticis gyrata and 
simple clubbing are very closely related. 
This is suggested by the presence of com- 
mon features, transition forms, and heredi- 
tary factors, already mentioned, and by 
certain observations described in the litera- 
ture. Patients have been described who, in 
the course of a disease capable of giving 
rise to secondary osteoarthropathy, devel- 
oped a typical pachydermoperiostosis" 11% 
and even a pachydermoperiostosis with cu- 
tis verticis zvratz.? In at least 1 of these 
patients, the pachvdermia disappeared after 
the removal of the primary lesions." Sec- 
ondary and idiopathic osteoarthropath y 
have been observed in different members 
cf the same family,’ and a number of pa- 
tients with either of these entities had 
relatives affected by simple clubbing or 
simple cutis verticis бугаба. 520293099 As 
noted previouslv, patients with congenital 
primary clubbing may develop an osteo- 
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arthropathy in later life. 

All these c bservations, and the fact that 
the incidence of osteoarthropathy second- 
ary to carcinoma of the lung, bronchiectasis 
or other diseases is probably higher in 
families with clubbing osteoarthropathy 
than in the zeneral population, would sug- 
gest that there may be an inheritable or 
constitutional factor common to all these 
diseases. Th s possibility was first raised by 
de Séze and Jurmand.? Apparently, in all 
these patients the soft tissues of the tips of 
the fingers and toes, the periosteum, and 
the periart-cular soft tissues of certain 
areas react 25 а physiopathologic unit. 

The idiopathic form of osteoarthropathy 
seemingly manifests itself spontaneously 
without the need of an excitor, whereas 
in the secondary type, the presence of a 
primary pethologic process seems to be 
necessary to bring out the disease. The 
mechanism by which the precipitating dis- 
ease gives rise to the various manifesta- 
tions of secondary osteoarthropathy is far 
from certari. A list of the various theories 
which have been postulated may be found 
in works Гу Mendlowitz? and Shapiro.” 


REPORT OF CASES 


Case 1. B.S., (Fig. 14) a Negro girl now 
eight years old, has been followed at the Cin- 
cinnati Gerezal Hospital since infancy. Her 
parents anc three older siblings are living and 
well and show no clubbing or other abnormal- 
ities. Occas-onally, however, the mother com- 
plains of mi d joint pain during cold and humid 
weather. Tae skeletal systems of the mother 
and of an older sister are normal roentgeno- 
graphically. A younger sister, now six and one 
half years dd, is affected with the same disease 
(Case 11, Fiz. 15). 

B.S. was admitted to the hospital for the 
first time a four months of age for pertussis. It 
was noted at that time that the fontanels and 
cranial sut ires were extremely wide and that 
she had a seborrheic dermatitis of the scalp and 
face. The szin changes had been present for ap- 
proximately one month and the findings in the 
skull had >een present since birth. The head 
was otherwise normal in size and shape and 
there was ao evidence of increased intracranial 
pressure. А roentgenographic examination of 
the chest and of the entire skeletal system 
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Fic. 1. (4) Case 1 at eight years of age and (B) Case 
II at six and one half years of age. Note swelling of 
knees, ankles, and wrists, clubbing of the fingers 
and toes, and small areas of hyperpigmentation of 
the skin, especially in the legs. 


Ke 





showed nothing unusual except for the presence 
of very wide cranial sutures and fontanels (Fig. 
2, 4 and В). At seven months, her fingers were 
noted to be clubbed. During her ninth month 
she developed a generalized eczema for which 
she was again hospitalized. History at that 
time revealed that she had had an adequate but 
not excessive intake of vitamins. In addition to 
the widely patent cranial sutures and obvious 
clubbing of the fingers and toes, there were 
weeping, infected, eczematoid lesions most 
marked on the face, forehead, scalp and ears. 
The skin over both pretibial areas was in- 
durated and tender. The rest of the physical 
examination was not remarkable. Roentgeno- 
grams of the chest again showed normal lungs, 
heart, and mediastinum. The roentgenograms 





Frc. 2. Case т. (4 and B) Roentgenograms of the 
skull taken at the age of four months showing 
marked widening of sutures and fontanels sec- 
ondary to delayed bone formation along the 
margins of the calvarial bones. Note also 
sutural bones. 





<—« 
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Fic. 3. Case 1. (4 and B) Long bones of the extremities at the age of nine and one half months showing а 
diffuse periosteal new bone formation. The same bones were entirely normal roentgenographically five and 


cne half months previously. 


of the skeletal system revealed considerable 
subperiosteal new bone formation in the shafts 
of all the long bones (Fig. 3» A and B). A 
minimal periosteal reaction was also present 
in the clavicles. The sagittal and lambdoid 
sutures were stil very wide and contained 
small sutural bones. The mandible was normal. 
A+ nineteen months of age, she was admitted to 
the hospital for diarrhea and again for bron- 
chitis, bilateral otitis media and an exacerbation 
of the eczema. Following discharge from the 
hospital she did well until the age of two years, 
when she developed a diffuse swelling of both 
knees. А physical examination at that time 
showed that both knees were swollen but not 
tender. Seborrhea was present on the scalp, and 
a lichenified, scalimg dermatitis involved the 
back, buttocks, abdomen and antecubital and 
popliteal regions. Roentgenographically, the 
fontanels and cranial sutures appeared narrower 
than previously, but large unossified areas still 
remained in both limbs of the lambdoid suture 
(Vig. 4). Evidently, most of the improvement 





Fic. 4. Сге І. Roentgenogram of the skull at the 
age of two years showing residual widening of the 
cranial sutures and large sutural bones. 
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Fic. 5. (4) Hands of Case т at the age of eight years and (В) hands of Case 11 at the age of 
six and one half years, Note clubbing of the fingers. 


in the roentgen appearance of the skull was 
due to an increase in the size of the sutural 
bones. The roentgenograms of the rest of the 
skeletal system showed no residual periosteal 
reaction except for a small amount in the cen- 
tral portion of each ulna. However, the diaph 
yses of all the long bones of the extremities 
were wider than normal and their cortices were 
thickened, suggesting that the previously seen 
subperiosteal new bone had become fused with 
the old cortex. A biopsy of the central portion 
of the right tibia revealed normal skin, subcu- 
taneous tissue, muscles and bone; the perios- 
teum showed a proliferating reaction, without 


inflammation. At thirty-three moaths, the an- 
terior fontanel measured 3X3 cm., while the 
posterior fontanel was barely patent. The 
eczema was clearing. During the ensuing years, 
the fontanels and cranial sutures closed gradu- 
ally but the swelling of the knees remained 
Stationary. Between her fourth and eighth year 
she suffered several bouts of pair, tenderness 
and increased swelling of both Клееѕ, lasting 
two or three days. These attacks took place 
mainly during inclement weather «nd, usually, 
were heralded by a respiratory infection and 
accompanied by a low grade fever. In the inter- 
val she was asymptomatic. 
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lg; 6. Case 1. (4, B and C) Long bones of the extremities at the age of eight years. Normal long bones 
3 


except for minimal periosteal new bone formation in the distal therd of the ulna, which was probi ably of 
recent onset, 


+ 


The last admission to the hospital, at the age 
o! 2. vears, was precipitated bv one of these 


actacks with involvement of both knees and, 
n the first ud 2150 the ms All he г SO- 
and бене су pe Е pi her ene 
develepment was normal. The degree of club- 
ling present at thar time is illustrated in Fig- 
ure ¢f. The skin showed no residual eczema, 
but areas of hy peroigmentation were present, 
especially on the legs. The soft tissues of the 
pretibial regions were slightly indurated. The 
Lnees and ankles леге swollen and moderately 
sender. A small efusion was detectable in both 
knee joints. The a and soles exhibited a 


distinct hyperhydr 2515, Roentgenograms of the 
skull (Eig. 7), chest id long bones showed no 
al 

С 





дн 
= 





ynormalities, except for a minimal subpe: 


* 


os- Fig. =. Case 1. Lateral view of the sk ull at the age of 


ri 
new bone formation in the distal third of eight vears showing no unusual finding. 
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Vic. 8. Case i. (4 and В} Roe ntgenograms of the skull at the age of seven months. 
Note wid enmg of the cranial sutures and sutural bones. 


each ulna, laterally (Fig. 6, 4-Cy. All the long 
Dones, including those of the knees and ankles, 
were normally tubulated and had normal con- 
tours, texture and mineral content, Aspiration 
of the knee joints yielded approxic nately 15 cc. 
of fluid. The fluid from the left knee was blood 
tinged and contained 3.350 white. blood cells 
and 240,000 red blood cells‘cu. mm. The 
Рша om the right knee was thick and vellow 
and contained 14,000 white blood cells “cu. 
mm. with 64 per cent mononuclear and 36 pe 
cent polymorphonuclear cells. “Fhe ет 
content of the fluid obtained from: both knee 
joints was 2,900 and the sugar content was 
92-100 mg. per cent. Both fluids were sterile. 
А synovial biopsy сака microscopic evi- 
dence of « eae svnovitis 

Multiple other clini m and laboratory in- 

'estigations were performed duri ing the various 
bo о. Repeated tuberculin and his 
toplasmin skin tests, Kahn react 1915, са 
cardiograms, sickle cell preparations and uri- 
nalvses always gave negative results. The 
hemoglobin and red blood cell count were con. 
stantly slightly decreased. The plarelers, white 
blood cells, and differential di stribu tion of the 
white blood cells were always wirhin normal 
limits, except for a leukocytosis of 20,000 per 
co, mm., with a lymphocytosis of 75 per cent, 
during the first two admissions. A bone marrow 
smear at the age of ten months showed no ab. 
normalities. The blood urea m tro en, creati- 
nine, uric acid, calcium, phosphorus, alkaline 
ph osph atase, total proteins, albumin, bilirubin 


carorinoids, vitamin A, total lipids and cho. 
lesterol never showed any significant variation 
from normal values, except for an alkaline 
phosphatase of 30 Bodansky units at nineteen 
months of age, w ch was again normal a month 
later. Throughout the period of obsery vation, 
the corrected sedimentation rate (Wintrobe) 
alwavs ranged between 31 and 36 mm. in one 
hour. The zinc sulfate d dn tv Was consist- 
ently increased. The thvmol turbi dity and 
cephzlin- cholesterol flocculation were increased 
In the first two admissions but negative sub- 
sequently. The total serum globulins, in the 
Various hospital admissions, ranzed between 
3-4 and 4.3 mg. per cent, wi tha gamma fraction 
ranging се 1.4 and 1.93 mg. per cent. 
Sevet al LE. preparations, an ASO titer deter. 
mination, and a latex fixation test during the 

last admission were normal, 


Case ir. J.S., (Fig. 1B) sister of Case 1 I, was 
admitted for m first time to the Cincinnati 
General Hospital at the age of seven months 
for eczema, of six weeks’ durati ion, and an ap- 
parently painful swelling of the extremities, of 
three weeks’ duration, A clubbing of the fingers 
and toes was first noticed two weeks prior to 
admission. Her height, weight, ard head cir- 
cumference were within ШОШ limits. The 
fontanels and all the cranial sutures were ab. 
normally wide. No signs of increased intra. 
cranta. pressure could be detectec. A scaling 
eczematoid dermatitis was present over most 
of her body but was most marked in the diaper 
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areas; the scalp was nct involved. The soft tis- 
sues of tie forearms ¿nd legs were thickened 
but showed no pitting or tenderness. The re- 
mainder of the physical examination was not 
contributory. The tuberculin and histoplasmin 
skin tests and the Kahn reaction were negative. 
А uvinalesis revealed г trace of albumin and an 
occasional white blocd cell. The hemoglobin 


was 12 gm. percent. The white blood cell count 


Bic. ә. Case п. C2, B and С) Long bones of the ex- 
tremities at the age of seven. months showing 
difuse periosteal new bone formation, 
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lic. то. Case 1h Roentgenogram of the skull at the 
age of six and one half vears showing no abnor- 
malities exeent for a residual oval bony defect in 
the left lamb ef the lambdoid suture. 


Was 9,500 per cu. mm., with a normal differen- 
tial distributeon. The hematocrit was 33 per 
cent. The corrected sedimentation rate (Win- 
trobe) was 26 mm. in one hour. The electro- 
cardiogram was normal. The serum calcium, 
phosphorus, and alkaline phosphatase were 
within normal range. The serum vitamin C 
content was C. 5 mg. per cent fasting and 0.6 mg. 
per cent four hours after an intramuscular in- 


jection o! 200 mg. of ascorbic acid. The roent- 


genogranas of the skull showed a severe widen- 
ing of the surures and fontanels and the pres- 
ence of many sutural bones, posteriorly (lig. 
№, Тапа Æ. The shafts of all the long bones of 
the extremities showed a considerable amount 
of subperiesteal new bone formation (Fig. 9, 
1-С). A mild periosteal reaction was also pres- 
ent In the clavicles. The rest of the skeletal svs- 
tem, and m particular the mandible, was not 
unusual. The heart and lungs were normal 
roentgenographically and fluoroscopicallv. Fol- 
lowing discharge from the hospital, the derma- 
ttis and the swelling of the extremities regressed 
gradual v. At thirteen months of age the derma- 
ttis was found to be limited to a small area on 
the right thigh. At chat time, the cranial sutures 
and tontaneis were still abnormally wide and 
the clubbing was even more conspicuous than 
previously, 

At the age of four and one half vears, she was 
brough: to the outpatient department of the 
hospital because of fever and joint pain and 
swelling ef a few days’ duration; these symp- 
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ical. development 
was normal. The fontanels and crar ial 
intender 
nts arx] the pre- 
tibial area and the feet were swollen. 

In the ensuing two vears, the patent gradu- 
ally developed a mild chronic sweling of the 
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ized by pain and further swelling in tl 


The attacks were identical 1 
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Fie. зт, Case н. 62, B and C) Long boses of the extremities at the age of six and one half years. The bones 
H 


ized and show no residual periosteal new bone formacion. 


periarticular soft tissues of the knees and ankles 
were mildly swollen. The palms and soles 
exhibited increased perspiration. The skin 
showed small areas of hyperpigmentation, es- 
pecially in the legs. Roentgenographically, the 
skull was normal, except for a small oval radio- 
lucent defect in the lett limb of the lambdoid 
suture (Fig. 10). The heart, lungs, and pleural 
spaces were normal, as were the long bones of 
the extremities (hig. 11, 7-С), the thoracic 
cage, pelvis, and spine. Phe tufts of the distal 
phalanges of the hands were well formed, 
whereas those of the distal phalanges of the 
feet were small and ба, as in the sister. 


DISCUSSION 


The clinical history and findings of the 2 
siblings reported in this paper were prac- 
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ticallv identical. Both patients showed con- 
genital enlargement and delayed closure of 
the cranial sutures and fontanels, a bout of 
severe subperiosteal new bone formation 
involving the diaphyses of the long bones of 
the extremities, and to a lesser degree the 
clavicles, lasting throughout the second 
half of the first vear of life and the entire 
second vear, an eczematold dermatitis coin- 
cident with the periosteal reaction, club- 
bing of the fingers and toes, which bonis 
apparent during the sixth month of life, 
and a chronic swelling of the knees, and 
later also of the ankles, which started be- 
tween the second and fifth vear and which 
was soon followed bv recurrent attacks of 
pain and increased swelling in these joints. 

There 15 probably little doubt that the 
over-all clinical picture presented by these 
2 patients was that of familial idiopathic 
osteoarthropathy without pachydermia. Un- 
usual features in both instances were the 
bouts of periosteal reaction and simultane- 
ous eczema in early life, and the congenital 
developmental changes in the skull. A re- 
view of the material in the available litera- 
ture on clubbing osteoarthropathy has 
failed to reveal any patient in whom find- 
ings in early life identical to these were 
described. A full explanation for these fea- 
tures cannot be given at the present time, 
but the possibility is suggested that they 
were early manifestations of the trait of 
the clubbing osteoarthropathy syndrome, 
which in both instances did not become 
obvious until later. 

The simultaneous occurrence of eczema 
and hyperostosis probably indicates that 
these two features were related, but whether 
they developed independently (spontane- 
ously or as a result of some unknown noxa), 
cr whether the eczema precipitated the 
bone changes is not known. As mentioned 
previously, eczema is not uncommon in, 
and may be a manifestation of, the syn- 
drome of osteoarthropathy. 

As regards the skull changes, the possi- 
bility that they too were part of the disease 
derives some support from the appearance 
of the skull roentgenograms of the 2 broth- 
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ers reported by Schónenberg.?? The repro- 
ductions of these skull roentgenograms 
present featires which strongly suggest a 
delaved m reralization of the cranial su- 
tures and -cntanels and which show mul- 
tiple sutural bones not unlike those de- 
scribed in our patients. 

If future observations will confirm these 
assumptions, then idiopathic osteoarthrop- 
athv will have to be considered as an 
additional, although rare, cause for con- 


genital wilemng and delayed closure of 


cranial sutures and fontanels, and for corti- 
cal hvperos-osis in infancy and early child- 
hood. 


SUMMARY 


The sub ect of osteoarthropathy is briefly 
reviewed and case histories of 2 female 
Negro chicren (siblings) affected by idio- 
pathic osteoarthropathy are presented. 

In addition to the usual features of the 
disease, both patients showed marked con- 


genital enlargement and delayed closure of 


the cranial sutures, and had bouts of severe 
periostitis and eczema in infancy and early 


childhood. 


Guido Currarino, M.D. 

Departmen: of Radiology 

The New York Hospital—Cornell Medical Center 
£26 East 6¢tn Street 

New York 21, New York 
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HYPERCALLOSIS IN OSTEOGENESIS IMPERFECTA* 


By ENRIQUE SCHWARZ М.р. 


CHICAGO, ILLINOIS 


HE multiple fractures present in cases 

of osteogenesis imperfecta heal as a 
rule with normal formation and resorption 
of callus in spite of the known deficiency of 
subperiosteal csteoblasts in this condition. 
The occasion:l development of massive 
callus in these patients cannot be satisfac- 
torily explained. Excessive reaction of bone 
sometimes occurs with formation of ma- 
terial consistirg of fibromucoid tissue first 
ard hvpercellilar bony trabeculae later. 
The histologic picture may be mistaken for 
that found in osteogenic sarcoma, and has 
been thoroughly described by Baker.? 

Few cases are found in the literature after 
the original case reported Ьу Battle and 
Shattock? in 1908. Nevertheless, it is impor- 
tant to recogaize this condition as it has 
been frequently mistaken for malignancy. 
Several patiemts reported have been sub- 
jected to radiation therapy or amputation 
following a diagnosis of sarcoma, although 
it is known tiat the occurrence of a true 
neoplasm on a fracture site is very rare,” 
and only a few cases of sarcoma occurring 
in osteogeness imperfecta are found in the 
literature.9* 

CLINICAL AND ROENTGEN FEATURES 

Exuberant formation of callus can occur 
spontaneously, following minimal trauma 
or after a fracture in a patient known to 
suffer from osteogenesis imperfecta. The 
femur is commonly attected and a firm mass 
develops accompanied by local heat, ten- 
derness and redness. Fever, leukocytosis 
and elevation of the sedimentation rate can 
cccur while callus 1s forming in the early 
phase of this zondition. The fever and local 
signs observed in these cases suggest, at 
times, the presence of an osteomvelitic 
process.! The blood chemistries reveal 


normal values of calcium and phosphorus, 
and the alkaline phosphatase can some- 
times ke elevated due to the presence of 
recent fractures. 

A classic history of osteogenesis imper- 
fecta o te so-called postnatal, nonfamilial 
type is obtained from these patients. De- 
formites of the limbs are commonly found 
and blee sclerae may be present. 

A la-ge amount of callus formation can 
be detected roentgenographically soon after 
the discevery of the swelling of the affected 
limb, cr our to six weeks after a fracture is 
sustair ed. Rapid growth of callus ensues 
and a large osseous mass can then be seen 
expan&ir g in all directions and bulging out 
on ore o“ both sides of the shaft of the bone. 
The derse, sometimes structureless mass 
tends to comprise a large portion of the 
affected shaft, simulating the roentgen 
features of osteogenic sarcoma (Fig. 1, Æ 
and A). 

A cem mon finding in these patients is the 
presence of bony excrescences along the 
shafts of the long bones resembling ex- 
ostoses Fig. 2). These are said to occur in 
about < per cent of cases." Fine spicules 
can abe be seen, particularly at the shafts 
of the radius and ulna at the level of the 
interosszous borders. These may occasion- 
ally fuse, producing synostosis between the 
two bones. 

A peculiar type of deformity of the elbow 
with cisocation of the radial head may also 
be noted (Fig. 3), as well as general osteopo- 
rosis end other roentgen features typical of 
osteogenesis imperfecta. 

The arge osseous mass sometimes re- 
mains unchanged for a long period of time, 
but not infrequently it regresses slowly and 
eventually may disappear without any 
speciac treatment. 


* From the Depa-tment of Radiology, College of Medicine, University of IE 2015, Chicago, Illinois. 
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Fic. т. (4) A large osseous mass is seen involving most of the shaft of the right femur of an eighteen year 
old boy with osteogenesis imperfecta. Numerous fractures sustained in other areas since birth have healed 
in a normal fashion. No recent history of -xrauma was obtained. (B) The reticular appearance of the bony 
mass can be seen in this roentgenogram A presumptive diagnosis of osteosarcoma was made. Biopsy 


revealed changes consistent with abnormz! repair of callus. 


DISCUSSION 

Fontaine and his co-workers? believe that 
the hvpercallosis is due to bone metz plasia 
originating at the site of trauma from local 
hemorrhage, with blood transformirg into 
osseous material. The presence of the bony 
excrescences is explained by these aathors 
as the result of localized detachment of the 
periosteum by small hematomas, with 
subsequent bone formation. Nevertheless, 
excessive local hemorrhage and subperios- 
teal hematomas have not been found in 
biopsies taken in these cases; and їп some 
instances the hypercallosis occurs spon- 


taneously without preceding injury. 
Although there seems to be a definite 
relationship between hypercallosis and 
osteogenesis imperfecta, the exact nature of 
the condition has not been clarified. The 
presence of hypercalcemia in the early stage 
of this condition has been recently reported 
in one case,’ and was thought to be a signifi- 
cant feature worthv of further research 
studies. Although an unusual finding for 
patients with osteogenesis imperfecta, the 
presence of hypercalcemia could not ac- 
count for simultaneous fractures occurring 
at other sites and healing in a normal 
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526. 2. Roentgenogram of the left femur of the same 
patent shown in Figure 1. Several excrescences 
along the shaft are noted; these were also present 
in other long bones. 

fashion without excessive 

callus.? 

It seems that a tendency to compensate 
in volume for the poor osteoblastic function 
and the faulty quality of the bones by mas- 
sive callus formation exists in these pa- 
tients. The deformity of the elbow, occur- 
ring in about 25 per cent of cases, could be 
explained as due to shortening and bowing 
of the ulna, producing dislocation. of the 


radial head. It is puzzling to see this tvpe of 


deformity in patients with hvpercallosis 
and not in other cases of osteogenesis 
imperfecta. 
SUMMARY 
Hs perplastic, massive formation of callus 
can occur in cases of osteogenesis 1mper- 


formation of 


647 





Fic. 3 Roentgenogram of the left forearm demon- 
strates the dislocation of the radial head. This de- 
forri-y was present in the opposite elbow and 
represems a common finding in patients with 


һурегса!!о515. 


fecta anc may be mistaken for malignancy. 
The clinical, histologic and 
graphic features of this condition are dith- 
cult tc d #erentiate from those occurring in 
sarccma, but its recognition is important in 
order te avoid surgical intervention. The 
preserce of a large osseous mass at the shaft 
of a long bone of a patient with osteogenesis 
imper-ecta should be suggestive of hyper- 


roentgeno- 


callosts. Other common features found 1n 
these csses are: peculiar deformity of the 
elbows with dislocation of the radial head, 
and тта пре osseous excrescences at the 
shafts of the long bones. The nature of this 
rare process has not yet been clarified. 

840 5. Weod Street 

Chicago n, Illinois 
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SKULL CHANGES IN CHRONIC IRON 
DEFICIENCY ANEMIA* 


By JOHN E. MOSELEY, M D. 


NEW YORK, NEW YORK 


Daer changes in the 
skull have long been recognized in the 
congenital hemolytic anemias in infancy 
and childhood. In these disorders there is 
increased proliferation of hemopoietic tis- 
sue in the skull with resultant widening of 
the diploic space. The outer table is dis- 
placed externally and is often thinned. In 
some cases it Is completely atrophied. 
Occasionally the diploic trabeculae assume 
à position perpendicular to the inner table 
presenting a radial pattern which, when 
advanced, is referred to as a hair-standing- 
on-end appearance. Catfev? has pointed out 
the usual absence of involvement of the 
occipital squamosa inferior to the internal 
occipital protuberance. 

In 1958 Lie-Injoj?? reporting from Dja- 
karta, described similar changes in a twelve 
vear old Indonesian girl with chronic iron 
deficiency anemia. More recently Shahidi 
and Diamond? have reported identical 
changes in the skulls of 3 white infants, 2 of 
them twins, all of whom suffered from iron 
deficiency anemia. Their patients were 
eight and twelve months of age. 

The purpose of this communication 15 to 
describe skull findings, similar to those con- 
sidered characteristic of the congenital 
hemolytic anemias, occurring in a three 
vear old Puerto Rican male with chronic 
iron deficiency anemia. 

REPORT OF A CASE 

This was the third admission of a three year 
old Puerto Rican male who was hospitalized for 
further evaluation of a possible Sturge-Weber 
syndrome. 

The child had been born at term at another 
hospital after a normal pregnancy and delivery. 
At birth he was found to have diffuse port wine 
stainmg over the scalp, face, upper trunk, lower 


back anc both lower extremities. At the age of 
one and oae-half months he developed right 
sided Ja-ksonian seizures. His first two hospi- 
talizatioas (one and one-halt and three months 
of age) v exe diagnostically inconclusive despite 
numerous laboratory studies and procedures in- 
cluding pneumoencephalography,  electroen- 
cephalography, cerebral arteriography and 
spinal tzps. It was felt, however, that the find- 
ings wee not inconsistent with the Sturge- 
Weber & rome or some other cerebral vascu- 
lar defect. Between the second and third ad- 
missions tae patient was observed periodically 
in the oitpatient department. His convulsions 
were pzrtallv controlled with dilantin and 
phenob: rbatal but there was marked mental re- 
tardation. He could not sit up or stand and he 
did not tzlk. He would not take any solid or 
semi-sol d foods, his diet consisting almost ex- 
clusivel= ef milk. 

On this admission the child was found to be 
poorly leveloped, although fairly well nour- 
ished. The eyes did not follow light and the 
pupils dic not respond to light. The sclerae 
showed a bluish-black discoloration. The fundi 
were net visualized. The port wine stain was 
again moted extending over a large portion of 
the heal, trunk and extremities. The abdomen 
was sof and scaphoid, and the liver was pal- 
pable 3 an. below the costal margin. The head 
was larze with prominent bossing of the frontal, 
parieta and occipital bones. 

Repeited blood studies showed hemoglobins 
of 6.1, =. 7.2, 7.0 and 6.1 gm. per cent. There 
was mzrleed hypochromia. The red blood cells 
were microcytic. Coombs’ and sickling tests 
were n-gztive. Hemoglobin study showed only 
A hemoglobin. There was only an insignificant 
trace о fetal hemoglobin. Alkaline phosphatase 
was 11.1 King-Armstrong units; calcium 9.3 
mg. per cent; phosphorus 4.8 mg. per cent. 
Sterna marrow aspiration showed a marked 
erythreid hyperplasia. No iron could be dem- 
onstrated in the marrow. 

A skeletal roentgen survey showed some de- 


* From the Department of Radiology, The Mount Sinai Hospital, New Yor, New York. 
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l'iG. 1. Lateral roentgenogram of the skull at the 
age of three years. The diploic space is widened and 
the parietal trabeculae show a fine radial pattern. 
The outer table is atrophic and there is a general- 
ized granular osteoporosis. The inferior segment of 
the occipital squamosa is free from involvement, 
probably because there 1s normally no marrow in 
this portion of the bone. 


mineralization of the bones of the extremities 
consistent with osteoporosis due to relative dis- 
use and to hypervascularity related to the 





lic. 2. Lateral roentgenogram of the skull made at 
the age of twenty months. There is marked widen- 
ing of the diploic space in the frontal, parietal and 
occipital bones. The widening is at the expense of 
the outer table which is displaced externally and 
is atrophic. The generalized diploic widemng does 
not mvolve the inferior segment of the occipital 
squamosa below the internal occipital protuber- 
ance. 
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hemangiomata. The cortices of the short tubu- 
lar bones of the hands were thinned but there 
was no loss of normal contours of these bones. 
In the skull there was marked wideaing of the 
diploic space in the frontal, parietal and occipi- 
tal bones with tapering at the edges (Fig. 1). 
In the parietal bone the diploic trabeculae 
showed a fine radial pattern perpendicular to 
the inner table. Roentgenograms made in the 
outpatient department one and a halt years pre- 
viously had shown similar changes but with- 
out any tendency to radial striation of the 
trabeculae (Fig. 2). Skull roentgenograms made 
on the first two admissions were reviewed. 
Those made at the age of three months as part 
of a pneumoencephalographic study showed 
early widening of the diploic space in the frontal 
bone (Fig. 3). At that time there were no ab- 
normalities of the bones of the extremities. 

After a review of the clinical and laboratory 
findings, the diagnosis of Sturge-Weber syn- 
drome and iron deficiency anemia was made. 
The patient was put on iron therpy (imferon) 
and showed a definite reticulocytic response and 
an increasing hemoglobin level when discharged 
from the hospital. 


DISCUSSION 
The presence of an iron deficiency anemia 
in this three vear old child was indicated bv 
the prompt response of the hvpochromic 
microcytic anemia to iron therapy. Hemo- 
globin studies showed no pathologic hemo- 
globin and onlv an insignificant trace of 
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лс. 3. The skull at the age of three months shows 
early widening of the diploic space in the frontal 
bone. 
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fetal hemoglobin. No iron was found in the 
sternal marrow, which was hyperplastic. 

It is considered that the iron deficiency 
resulted from a diet which consisted almost 
exclusivelv of milk. The 3 cases reported bv 
Shahidi and Diamond? also suffered from a 
consistently poor intake of solids and semi- 
solids and the diets consisted mainlv of 
milk. In the twelve vear old Indonesian 
patient reported by Lie-Injo,? the iron 
deficiency anemia was believed to have 
resulted from chronic loss of blood from the 
intestinal tract due to hookworm infesta- 
tion. The child's diet was considered to 
have been adequate. 

Skull changes similar to those occurring 
in the congenital hemolytic anemias have 
also been reported in other conditions 
accompanied by erythroid hyperplasia. 
Ascenzi and Marinozzi! described such skull 
findings in 2 gi-ls, aged three and one-half 
and six years, with cyanotic congenital 
heart disease and secondary polycythemia. 
In the three and one-half vear old child the 
cardiac malformation was that of pulmo- 
nary atresia with an interatrial septal 
defect. In the six vear old girl there was a 
tetralogy of Fallot. At autopsy both skulls 
showed marked erythroid hyperplasia of 
the marrow with widening of the diploic 
space similar to that seen in Cooley’s 
anemia, sickle cell disease and familial 
hemolytic icterus. Erythroid hyperplasia in 
cyanotic congenital heart disease 1s due to 
the hypoxemia resulting from the circula- 
tory shunts. Dykstra and Halbertsma? have 
reported skull changes of the same kind ina 
twelve vear old patient with polycythemia 
vera. 

The skull changes found at the age of 
three months in this patient represent the 
first such changes to have been described at 
such an early age. It is noteworthy that at 
this age there were no long bone changes 
that were considered significant. Of the 4 
previously reported cases of skull changes 
in iron deficiency anemia, none showed any 
abnormality of the bones of the extremities. 

In Cooley’s anemia, on the other hand, 
the marrow changes tend to be more con- 
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spicuouszrd are more consistently found in 
the lonz and short tubular bones, particu- 
larlv in *he metacarpals and distal femora. 
Changes are often manifest in the extremi- 
ties whea none are present in the skull but 
we have not seen skull changes in the 
absences of tubular bone alterations in 
infants z nd young children. After puberty, 
when the lesions in the tubular bones re- 
gress, ir volvement of the central skeletal 
segments, as well as the skull, may persist 
and 1n веде. 

We асе not able to interpret with cer- 
tainty tne significance of the changes in the 
handso this three vear old child because of 
the viscular abnormality involving the 
region 1] soft tissues. Holt,* however, states 
that he has seen a case of iron deficiency 
anemii with long bone as well as skull 
changes. Shahidi and Diamond,’ comment- 
ing on the absence of long bone changes in 
their patients, suggest that by the time iron 
deficiency anemia appears in the infant the 
cortices ef the long bones are firm enough to 
resist marrow expansion. Those of the 
cranit m offer no resistance. 

Wha-ever the responsible factors may be, 
the few recorded cases of skull changes in 
iron dec encv anemia appear to differ from 
Cooley s anemia in that they show remark- 
able skul changes without any significant 
alterations of the tubular bones. Larger 
numbers of cases of iron deficiency anemia 
will hive to be studied, however, before this 
ditfer2mce can be considered a general rule. 


SUMMARY 


Skull changes similar to those character- 
istic o the congenital hemolytic anemias 
are described in a three vear old male child 
with i-en deficiency anemia. The earliest 
changes were demonstrable at the age of 
three months. 

In tnis condition skull changes appear to 
occur n the absence of any significant long 
bone alterations. This is unlike the findings 
in Cocley's anemia, in which lesions of the 
long aad short tubular bones always accom- 
pany skull changes in infants and young 
children. 
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THE LATERAL CRANIAL SILHOUETTE 
IN MONGOLISN:* 


Ву Е. S. SEWARD, A. Е. ROCHE, az? & SUNDERLAND 


MELBOURNE, AUSTRALIS 


ee clinicians regard posterior flatten- 
ing of the head to be helpful in confirm- 
ing the diagnosis of mongolism. This 
investigation was undertaken because the 
literature reveals frequent repetition of 
such opinions without attempts to evaluate 
their accuracy and because descriptions of 
the shape of tae anterior portion of the 
cranium differ widely. 
REVIEW OF THE LITERATURE 

The forehead in mongolism has been 
described as normal (Greig?), normal except 
for prominent frontal eminences (Brous- 
seau’), flattened anteroposteriorly (Suther- 
land), square | Talbot!'5), high at the age of 
one year (Bend £?), and with “the lower part 
of the fore-head . . . on a plane posterior to 
that of the upper” (Muir!?). 

Opinions concerning the form of the 
posterior portion of the cranium also varv. 
Some describe constant marked flattening 
(Shuttleworth, * Talbot, Brousseau,’ Gos- 
man‘), but Still? has made a less definite 
statement that “the occipital region tends 
to be flattened. so that the back of the head 
loses its rounded contour." Levinson, 
Friedman and Stamps? reported posterior 
Hattening in 41 of 50 cases while Benda? 
stated that it was usuallv present at the age 
of one vear. 

Other reports, however, (Muir, Suther- 
land," Garrod and Langmead* and The 
British Medical Journal) make it clear that 
such fattening тау be absent, while Greig* 
reported that no posterior flattening was 
present in the 3 skulls he described. He 
concluded that “it seems as if the ditfer- 
ences made Ьу the soft parts had been 
underestimated, and if the filling up bv the 
nuchal muscles and the fleshiness over the 


zygomara had not been appreciated." In 
fact, Greig reported that in one skull “the 
posterior segment seems disproportionately 
capacious.” 


MATERIAL AND METHODS 


Althcugh attempts have been made to 
position raongoloid children in а Bolton- 
Broadben- cephalometer ( Broadbent?), dif- 
ficulties a-e associated with their manage- 
ment and onlv a few roentgenograms were 
suitable for metric analvsis. The lateral 
silhouette has been measured in standard- 
ized roentgenograms of 11 boys (ranging in 
age from two vears to five vears) and їп 
those cf її adult males and 11 adult fe- 
males. 

Because of the small number of roent- 
genograms, it was considered desirable to 
measure the form of the cranium as a whole 
rather than the form of its component 
bones. This decision was prompted by the 
finding ог Pearson and Davin" that “the 
variability of the skull as a whole is less 
than that of its component bones." 

On each tracing of a roentgenogram, а 
perpendicular to the Frankfort horizontal 
plane was drawn through basion. The mid- 
point of -his perpendicular was called “С” 
and radii were drawn from this point to the 
external cranial margin. The first. radius 
was drawn parallel to the Frankfort hori- 
zontal plane and succeeding measure- 
ments were taken along radii at angles of 
30° to -he preceding one (Fig. 1). All 
measurements along the radi have been 
expressed as percentages of the cranial 
height tkrough basion to allow direct com- 
parison between the shapes of skulls of 
different sizes. In addition, the maximum 
cramial length was recorded parallel, and 


* From the Department of Anatomy, University of Melbourne, Melbourne , Auseralia. This work was supported financially by a grant 


from the Menta! Heath Research Fund. 
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TABLE I 


MEANS AND STANDARD DEVIATIONS FOR THE MEASUREMENTS ON CEPHALOMETRIC ROENTGENOGRAMS 
(5+ means “round up" and §— means "round down") 








Anterior Каап 








|| 
|| 








| C.Na | О | 


[E 























NA 9 66.27 64.80 $9.95--| 51.38 | 59 
342b 2.80 2.18 1.80 | 4 

MAg | 67.41 07.08 | 60.75—| $2.14 | $7 
|| 3.00 | 2,931 | 1.061 1.14 5 

| | | ! 

MA 9 67.10 | 66.50 60.93 22,943 | $5; 
4.56 | 4.00 1-77 0.98 5 

| 

МС g 64.71 | 65.52 $9.56 51.94 | 59 
3.06 2.12 1.79 0.84 ) 

МС g | 61.00 62.26 58.88 | 51.59 | 57 
4.12 4-39 2.55 — :47 4 

















N= normal; М = mongoloid; А= adult; С= child. 





Posterior Radii 
Height | Length 
| 6 7 5 
3.14 | 65.64 | 67.69 60.84 | 148.82 199.00 
IO | §.35+| 4.96 2.50—| 5.44 5.50— 














O4 6.65--| 6.4 2.88 | 2.54 6.34 
43 | 62.3 Qs. 17 60.83 134..27 173.92 
28 | 5.92 $2254 4456 | а.а 10.5 
| 
| | 
o8 | 64.15—| 66.49 61.45—| 146.46 190.73 
2 4.11 4.99 Zei 3 uy 4.24 
dO | 69.6% 63.68 60.47 [31.36 161,23 
3.41 cate 3420 5.66 5.02 

















Height and length have been recorded in millimeters and all other measurements have been expressed as a percentage of the cranial 


height through basion. 


the maximum cranial height at right angles, 
to the Frankfort horizontal plane. Similar 
measurements were made on matching 
groups of roentgenograms of normal indi- 
viduals. 











Fic. 1. The method used to measure the lateral 
cephalometric roentgenograms. Ba = basion; FH = 
l'rankfort horizontal plane; C = mid-point of the 
cranial height through the basion perpendicular to 
FH; Na=nasion. 


FINDINGS 


The measurements have been analvzed 
by Dr. R. T. Leslie of the Statistics Depart- 
ment of the University of Melbourne and 
the method emploved is described in the 
Appendix to this paper. The means for the 
measurements are recorded in Table r. 
Table 11 records the “F” values obtained 
from the discriminant analyses between 
groups of these radii lving near each other. 


TABLE II 
«e009? 


F FROM DISCRIMINANT ANALYSIS 























Anterior | Posterior Height and 
Groups |». Radi Каап Length 
Compared - 
| ^ А - 
4; 19 LE | ap uk. 2,19 d.f. 
МАтуУ МА 5.99 2.06 16.5977 
МА УМА ® 1.47 Li 8.62t* 
МХСтуУ МС 4 On" 0.78 79.4** 
d.f.— degrees of freedom; N=normal; M=mongoloid; 


A=adult; C=child; v=compared with; + = possibly significant 
difference; + + = significant difference. 
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In Table т are recorded the “t” values for 
those measurements of which the “F” value 
was significant or nearly so. Superimposed 
average lateral cranial silhouettes reduced 
to the same cranial height are illustrated in 
Figure 2, 4, B and C. 

There were no significant differences in 
the relative proportions of the cranium 
between the groups compared, except that 
the relative C-nasion distance is Just signifi 
cantly larger ( per cent level) in the nor- 
mal than in the mongoloid boys. Mongoloid 
adult males and females and mongoloid 
bovs, however, have significantly smaller 
absolute cranial lengths and heights than 
normal individuals of similar age and the 
same sex. The “t”? values, which are re- 
corded in Table 111, are greater for absolute 
cranial length than absolute cranial height 
and, while no precise significance can be 
attached to them, they do reflect the 
marked differences between the normal and 
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TABLE III 
Vt" VALJES FOR THOSE RADII IN WHICH THE “F” 
VALUE IN THE DISCRIMINANT ANALYSIS 
FCR THE GROUP IS SIGNIFICANT 
OR NEARLY SIGNIFICANT 
Groups Cempared Height Length 
NN _ EE КЕ а i 
МА” v MAG 5.04 * кб 
NA? v МА $ 2.gtt 1.98** 
МСе МС ig ere 12.93** 











te 


C-Na О І 





МС г” у МС 2.46" 5.00 E73 0.07 








N= nornza; M= mongoloid; A=adult; C=child; v=com- 


pared with. —— possibly significant difference; + + = significant 
difference. 


the mangoloid groups in respect to both 
mean cbesolute cranial height and length. 

Whib this statistical analvsis has indi- 
cated that mongoloid boys have a relatively 






Normal Adult Female emm 


Mongoloia Adult Females — - - 


їс. 2 (4, Band C) Superimposed average 
lateral cranial silhouettes reduced to the 
sam e cranial height. 
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short C-nasion distance compared with 
normal boys, it is significant at the $ per 
cent level only and since it is occurring as 
one among 24 possible calculations it may 
be due to chance. 


DISCUSSION 

The failure of the statistical analvsis to 
show significant differences between the 
normal and mongoloid groups mav be due 
to one of three factors—the sample mav be 
too small to demonstrate а small real differ- 
ence, the variability between individuals 
mav be sufficiently great to obscure a small 
real difference or no real difference mav be 
present. [t must be stressed, however, that 
à consideration of the size of the sample, 
together with the individual variation 
present, makes it clear that any real change 
visible clinically should have been detected. 

Opinions differ among earlier workers as 
to whether any posterior cranial flattening 
15 present in mongolism. Several who have 
examined the living have reported such an 
appearance but no such change has been 
noted in dried skulls. During this in vestiga- 
tion no marked flattening of this r egion has 
been detected. The possibility that che soft 
tissue contour in this area may show some 
flattening was not*studied. Any such flat- 
tening cannot be pathognomonic of mon- 
golism since it was found by Bean and 
Speidel! in 9 per cent of normal adult North 
American males. 


SUMMARY 


I. The shape of the cranium in white 
Australian mongoloids has been analyzed 
by measurements on standardized roent- 
genograms of 11 boys, 11 adult males and 
I1 adult females. These were compared 
with similar measurements on matching 
groups of roentgenograms of normal indi- 
viduals. 

2. А statistical analvsis shows that the 
forehead may be unusuallv convex in mon- 
goloid women and the C-nasion distance 
may be short in mongoloid bovs. These 
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differences тау, however, be due to 
chance. 

3. In all mongoloid groups the total 
cranial height and length were significantly 
below normal values, 

4. No departure from normal in the 
contour of the posterior portion of the 
cranium was detected. 


А. F. Roche, M.B., B.S., Ph.D. 
Department of Anatomy 
University of Melbourne 
Parkville N.2, Victoria 
Australia 

Our thanks are due to many who have helped 
during the course of this Investigation, particu- 
larly Dr. R. T. Leslie of the Statistics Depart- 
ment of the University of Melbourne and the 
staff of the Anatomy Department. 


APPENDIX 
By R. T. LESLIE 


The comparison of the cranial silhouettes 
of two groups comes mathematically to 
examining differences between two plane 
closed curves. Several parameters of each 
curve would have to be estimated to deter- 
mine the curve best fitting the observed 
silhouette, and the physical interpretation 
of such parameters would have to be deter- 
mined. Moreover, the standard errors of the 
estimates would be required in order to 
compare two silhouettes. The alternative 
method, that of discriminant analysis 
adopted in this paper, avoids the difficulties 
of the former approach, and vields results 
which can be interpreted directly in terms 
of the anatomic quantities measured. Such 
questions as "flattening of the posterior 
region" can be examined bv comparison of 
the radii in the two series of skulls without 
the intermediarv of fitted curves. 

There appeared to be no strong objection 
to considering separatelv the anterior and 
posterior regions of the skulls. It should be 
noted that the conclusions reached will 
depend on the figures being compared. If 
direct measurements are used, absolute 
difference in size will be compared between 
series. If, however, indices are used which 
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have already been made relative, shape 
differences will be compared between series. 
Thus, employiag the measurements of 
gehe d (Н) and length (L) in millimeters 
significant differences between series mean 
that the skulls differ in szze, whereas when 
the radii Na, o, 1, 2 (anterior region) and $, 
6, 7, 8 (posterior region) are compared 
separately between series, significant ditfer- 
ences must be nterpreted as shape ditter- 
ences. 

Discriminant analysis is an extension 
of simple testng of differences between 
means, appropriate to the situation where 

each object o^ two series of objects 1s 
characterized by a multiplicity of measure- 
ments. One ccvld compare the values for a 
particular rad us for normal and mongoloid 
individuals, but a much more efficient 
utilization of the full information on the 
two series is possible by making a composite 
test employinz simultaneously the four 
radii Na, 1, 2, 3. This method has the addi- 
tional advantage of comparing, between 
series, what is virtually the curvature of the 
skull silhouetces. The mathematical proce- 
dures are designed to find which of the 
radii differ most between the series, and 
then to produce a single index for each se- 
ries which results from appropriate weight- 
ing of the several radii and which maxi- 
mizes the difference between the two series. 
The results of the procedure are thus, in the 
first place, tc determine whether a signifi- 
cant difference exists between silhouettes of 
the two series, and subsequentlv to vield a 
rule whereby an unknown silhouette may 
be classified as belonging to one series or the 
other, with a computed risk of misclassifi- 
cation. 

This is not the appropriate place to dis- 
cuss details ө? the calculations of the dis- 
criminant functions. Reference тау Ье 
made to R. A. Fisher, “The use of multiple 
measurements in taxonomic problems," 
Ann. Eugen., 1936, 7, 87-104, or to $39 of 
К. Mather's book, “Statistical Analysis in 
Biology,” fcr an elementary discussion. 
However, it may be noted that the final 
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significaice of the discriminant function is 
evaluated by reference to the F-tables 
approprate for tests in the analysis of 
variance. All experimental results are sub- 
ject to some type of random variation, 
which vil intrude into measured differ- 
ences Letween groups of objects. The 
(mean) zroup difference must be evaluated 
against the known random variability, and 
15 prope-ly quoted as having a certain prob- 


ability of arising by chance. Thus, if the 
“F” va ue of the discriminant function for 


compar ng two skull series 15 stated to be 
significent at the & per cent level, this must 
be interpreted to mean that on the average 
such a <dfHerence could arise between two 
identical series by chance 5 per cent of the 
time. Smilarly, a “t”? value quoted for the 
ditterence between means of a single radius 
between two skull series has a certain 
probab lity attached to it, e.g., if 1t is stated 
to be significant at the 1 per cent level, 
there is a probability of 1, 100 that it arose 
as a result of a chance difference between 
the twe skull series. 
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NONMETRICAL OBSERVATIONS ON CRANIAL 
ROENTGENOGRAMS IN MONGOLISM* 


By А. Е. ROCHE, P. 


S. SEWARD, are S. SUNDERLAND 


MELBOURNE, AUSTRALYFA 


INCE the introduction of roentgenog- 

raphy into medical practice and re- 
search, a voluminous literature has accum- 
ulated concerning the bonv structural 
changes which сап be detected 1n the vic- 
tims of disease. In mongolism, however, 
this method of investigation has been em- 
ployed infrequently and on comparatively 
small groups of individuals. 

REVIEW OF THE LITERATURE 

t. Sutures. Soon after birth the sutures 
may be gaping and more open in mongoloid 
than in normal infants (Benda‘) and may 
be late to close and late to unite (Fraser, 
Muir,? Chartier, Brudzinskv," Clift,” 
von Hofe," Brousseau," Warner? and 
Benda*). On the other hand, Spitzer and 
Robinson,’ from a roentgenographic study 
of 15 male mongoloids aged 7.75 to 14.5 
vears, reported normal sutures in all except 
one boy aged € years with “delayed union" 
and one boy zged 14.5 vears with sutures 
"not fully united." Among 12 female mon- 
goloids of similar ages they reported normal 
sutures in all except one girl aged 5.5 vears 
in whom the sutures were "open," one girl 
aged 16.75 years in whom they were “not 
quite united” and one girl aged 28 vears in 
whom *'delaved ossification” was recorded. 
Their report is limited in value by failure to 
indicate the sutures to which they are 
referring. 

2. Metopic Suture. The metopic suture in 
mongoloids is usually widely gaping at 
birth and is usually palpable almost as far 
as the frontonasal suture (Benda‘). In 
addition, it is late to close and late to unite 
(Warner, Benda’). 

Bourneville claims that metopism ıs 
usually present. Although no reference is 


made te this feature Ьу more recent investi- 
gators, it should be noted that metopism 
was present in the skull described by 
Fraser! amd in 2 of 3 skulls described bv 
Greig.!* 

3. Tae Margins of the Cranial Bones. 
Irregular rarefied areas have been noted 
frequertiy along the margins of the cranial 
bones :n roentgenograms of mongoloids 
(Brudznsky,! Schuller,” Clift, Benda’). 
Such changes were not present in the 3 
skulls examined by Greig.'" 

4. Saivral Bones. Numerous sutural 
bones were present in the case reported by 
Fraser ? and in 2 of the skulls described bv 
Greig,” but such bones are also common in 
normal imdividuals. In one of the skulls 
reportec by Greig, four small sutural bones 
were related to the inferior end of the 
metope suture where they are unusual in 
norma individuals. 

c. Frontal Sinus. Benda?* noted that the 
frontal sinuses were more often absent than 
in normal individuals; their absence in a 
single case was reported by Thomas.” In 
Spitze- and Robinson’s series?" of 15 male 
and 12 female mongoloids, aged 7.75 to 14.5 
vears ind 8.5 to 29 years, respectivelv, a 
fronta sinus shadow was visualized in 
only © with certainty and doubtfully in 
another 2. 


MATERIAL AND METHODS 


The fmdings reported in this paper form 
part >f those obtained during a long 
term -omprehensive studv of the phvsical 
growta of mongoloid idiots. These mongo- 
loids are second generation Australians 
living in Melbourne. 

The described features have been ob- 
servee on lateral head roentgenograms 


* From the Department of Anatomy, University of Melbourne, Melbourne, Australia. This work was supported financially by a 
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taken with the aid of a Bolton-Broadbent 
cephalometer (Broadbent?). Such roent- 
genograms of 30 male and 41 female mongo- 
loids have been included in the investiga- 
tion. The age range of these individuals is 
shown in Table т. 


FINDINGS AND DISCUSSION 


1. Sutures. The sutures were wider than 
usual at ages when they are open in normal 
children. The appearances suggest that the 
growth changes in the sutural areas are 
normal in type but are spread over а longer 
period than in normal children. 

2. Metopic Suture. Among the 21 males 
and 38 females over the age of то years, 
metopism was seen in 14 of the former and 
in 16 of the latter (Table 1). Since metopism 
IS present in 8.8 to 12.3 per cent of adult 
western European crania (Martin?), our 
findings and those of Bourneville demon- 
strate that metopism is unusually common 
in mongolism. 

Bryce and Young" reported a “well 
marked" post-coronal constriction in 31 of 
76 metopic skulls. While such a constriction 
may occur in normal skulls, they consid- 
ered that it was more common in metopism. 
Such an association was not seen during 
this study. 

That the abnormal form of the mongo- 
loid cranium is not due to the frequent 
occurrence of metopism in these children is 
supported by evidence that metopism is not 
linked with major alterations in cranial 
form in presumably normal individu- 
als (MacDonell?! Parsons,» Bryce and 
Young"). 

3. Margins of the Cranial Bones. lrregu- 
lar rarefied areas were not detected along 
the margins of the cranial bones. These 
findings are consistent with most earlier 
reports. 

4. Sutural Bones. No sutural bones were 
detected until after the age of ten vears and 
then only in the lambdoid suture. The 
findings indicate that these bones occur 
with approximately the same frequency as 
in normal individuals (Table 1). 

5. Frontal Sinus. A frontal sinus shadow 
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TABLE I 


NONMETRICAL FEATURES OF CEPHALOMETRIC 
ROENTGENOGRAMS 


Number present/Number observ tions 


























Age Metopic | Sutural | Frontal Superciliary 
Range | Suture | Bones | Sinus Arch 
in Years | Present | Present | Present |. Present 

Males 
2t 4/4 O/^ 0/10 0/16 
а се, Pfs 0/8 0/9 0/9 
10-15 4/8 | 2/8 0/10 оло 
15-20 5/7 1/10 1/10 | сло 
20+ 5/6 1/10 O/1I 11/11 
Females | | 
2—5 1/1 | ол 0/1 o/I 
5-10 2/4 | ye 0/6 0/6 
10-15 10/20 2/26 4/28 3/27 
15—20 1/6 | 2/10 2/11 1/10 
20-++ 5/12 | 0/15 | 2/17 1/17 











was not seen until after the age of ten vears 
and only then in 1 of 31 males and 8 of 56 
females (Table 1). In the remainder the 
sinuses were either congenitally absent or 
their appearance grossly delaved. In view 
of the statement by Samuel? that the ab- 
sence of one sinus is “fairly common" and 
that both are “more rarely” absent, one 
must conclude that an absence of the 
frontal sinuses, or a marked delay in their 
development, is unusually common in mon- 
goloids. In 1 female both frontal sinuses and 
the sphenoid sinus were unusually large; 
such a condition is rare in mongolism and is 
illustrated in Figure 1, and B. 

Weinmann and Sicher? consider chat the 
development of the superciliary arch is 
related to the transmission of masticatory 
forces but the split-line preparations of 
Tappen* show that the arrangement of the 
haversian systems in this area is not con- 
sistent with such an interpretation. It has 
been claimed (Weinmann and Sicher,” 
samuel") that, if the arch is absent or 
small, the frontal sinus will also be absent 
or small. Our findings are in agreement with 
this opinion since the superciliary arch was 
poorly developed except in the presence of a 
frontal sinus shadow. 
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Fic. 1. (4 and B) Cephalometric roentgenegrims of a mongoloid 
girl showing large frontal and spbEemoidal sinuses. 


Le Double? and Samuel? consider that 
bilateral absence of the frontal sinus is 
usuallv associated with a persistence of the 
metopic suture. Schuller?” concluded from a 
studv of roentgenograms of normal adults 
that "in the presence of a metopic suture 
the frontal sinuses, if they are developed, 
will be small, never passing over the mid- 
line from one side to the other side." Both 
changes are common in mongoloids, but the 
frontal sinus is also often absent when the 
metopic suture 18 obliterated. 

In children suffering. from hvperpitui- 
tarism (Weinmann and Sicher?), the 
changes in the superciliary arches and 
frontal sinuses appear to be the reverse of 
those observed in mongolism. Further 
evidence of an experimental nature (Morti- 
mer,” Becks ef a/.,! Collins et 4/.,^ Evans 
et al. Ashng et aL, Walker ef 4а/.,% 
Simpson ef a/.,*’ Asling e£ a/.2 and Asling and 
Evans?) suggest that a pituitary deficiency 
may be operating in mongolism. This forms 


the theoretic basis for the administration of 


pituitary extracts recommended by Benda.’ 


SUMMARY 


[. Lateral roentgenograms of the crania 
of white Australian mongoloids have been 
used to the nonmetrical 
associated with this condition. 

2. During early life the sutures were 
more wrlelv separated than in normal 
children, rarefied areas were not noted, nor 
eurural than 


assess features 


were bones more common 
usual. 

3. After the age of ten years, a metopic 
suture was present in 42 per cent of the 
females and in 67 per cent of the males 
while -he frontal sinuses were absent and 


the superciliary arches poorly developed in 


30 of 31 males and 48 of 56 females. 


A. F. Roche, M.B., B.S., Ph.D. 
Departnent of Anatomy 
Univers ty of Melbourne 
Parkville N.2, Victoria 
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HISTIOCYTOSIS X* 


Ву JOSEPH P. АКСОМА“О, Т JAMES C. ВАКХЕТТ, am HOWARD O. WUNDERLICHZ 


HUNTINGTON, LONG ISLAND 


HE history of the discovery of histio- 

cvtosis X as a disease entity and the 
changing concepts regarding its etiology 
and pathogenesis are almost as interesting 
as the varied manifestations of the disease 
itself. 

Lichtenstein," in a review of the litera- 
ture up to 1953, suggested the name histio- 
cvtosis X for the group of diseases known as 
Letterer-Siwe disease, Hand-Schüller-Chris- 
tian disease and eosinophilic granuloma, 
based on his own and the correlated patho- 
logic findings of others. 


HISTORIC REVIEW 


Hand,” in a paper titled “Polyurta and 
Tuberculosis,” described a phase of this 
disease entity for the first time in 1893. The 
case was that ofa boy aged three years with 
a recent history of diabetes insipidus, 
exophthalmos, bronzed dry skin, hepato- 
splenomegaly, distended abdomen, and 
poor development. It was his impression, 
based on subsequent postmortem cranial 
and pulmonary findings, that this was an 
atypical form of tuberculosis. Hand,” in 
1921, reviewing his old case and one of 
Kays in 1905 which presented very similar 
findings, agreed with Schüller? (1915) and 
Christian?!” that this was a previously 
unrecognized disease entity. He disagreed 
with Schüller's contention that this was a 
disease of primary pituitary dysfunction 
and his arguments specifically noted the 
absence of diabetes insipidus 1n some cases 
and the presence of osseous lesions before 
the onset of diabetes insipidus in others. His 
theorv suggested that the diabetes insipidus 
was due to secondarv pituitary involvement 
by the disease process. Thompson, keegan 
and Dunn?! were in agreement with Hand's 
theory that this was not a disease of pri- 


mary pituitary origin. In their case of a 
nine vezr old boy with diabetes insipidus, 
exophthalmos, and defects in the cranial 
bones— the classic triad identified with 
Hand-S-hiller-Christian disease, there was 
no evidenee of involvement of the pituitary 
gland by the infiltrative process. They 
noted that there was involvement of the 
hypothelamus and suggested that the 
diabetes insipidus had its origin secondary 
to hypothalamic involvement. Schuller,” 
reviewing his own cases, that of Christian 
and one of Hochstetter in a thirty-eight 
vear old male, maintained that the disease 
was of primary pituitary origin and he 
called it "dwsostosis hypophysaria.” In 
1928 Rewland”! referred to this disease as a 
xanthom: tous degeneration of the skeleton 
and suggested that ingested lipids might be 
causally related to its origin. He noted that 
lipidization of the histiocyte was an impor- 
tant man festation of the disease. 

Cowie and Magee,! in 1934, in analyzing 
the postmortem material of Lichty® tor 
lipid concent, found that the uninvolved 
tissues had normal total lipids, cholesterol, 
and phospholipids, and that the involved 
areas hae a very high lipid content, 50 per 
cent of waich was cholesterol. This fact was 
substantiited subsequently by Freud ef al.” 
in 194). In 1935 Smith classified Hand- 
Schiiller-Christian disease as a lipoid histio- 
cvtosis. Thannhauser and Magendantz,? in 
1938, categorized the disease as a primary 
essential xanthomatosis of the normo- 
choleste-?mic type. In their opinion, the 
hypothesis that primary essential xantho- 
matosis was a disorder of cholesterol 
metabelism had not been proved. They felt 
that a primary hereditofamilial disorder of 
the intracellular enzyme system concerned 
with the ormation of cholesterol within the 
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histiocyte or reticulum cell predisposes to 
the abnormal accumulation of cholesterol 
and thus transforms it into a xanthoma cell. 

Attention up until this time had not been 
directed to the possibility that the Hand- 
Schüller-Christian disease might be related 
to Letterer-Siwe disease, despite the fact 
that Letterer? described his first case in 
1924 and Siwe” reported a group of cases in 
1933. In fact, it was Abt and Denenholz, in 
1936, who reviewed the literature and 
placed under a single nosologic entity that 
disease of children which is manifested by 
hepatosplenomegaly, petechiae, anemia, 
multiple osseous lesions and lymphadenop- 
athy and which they called Letterer-Siwe 
disease. In тодо Wallgren® and Hansen 
independently came to the conclusion that 
Hand-Schüller-Christian disease and Let- 
terer-Siwe disease were related manifesta- 
tions of similar disease processes. 

In the same year Lichtenstein and 
Јаве!" suggested the name eosinophilic 
granuloma to describe a new bone lesion 
which they had personally observed. In a 
review of the literature at that time they 
recorded cases of Finsy in 1929, Mignon in 
1930, Schoirer in 1938 and Otani and 
Ehrlich which fit the pathologic criteria for 
the new disease which they were describing. 
Shortly thereafter Farber,” Gross and 
Jacox?* and Mallory? further corroborated 
the previous impressions of Wallgren that 
Letterer-Siwe disease, Hand-Schüller-Chris- 
tian disease and now eosinophilic granuloma 
were probably manifestations of the same 
basic disease process. Lichtenstein“! in 1953 
correlated the investigations of all the 
previous observers based on their histo- 
pathologic material and concurred with the 
most recent opinions that these disease 
processes had their origin in a type of in- 
Hammatory histiocytosis and are actually 
different phases of the same basic disease 
process. He proposed the term “‘histiocy- 
tosis X" to include all of these disease 
entities. 


CLASSIFICATION 


It is evident from the previous discussion 
that until 1940 eosinophilic granuloma was 
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not recognized as such and that Letterer- 
Siwe disease had not been seriously con- 
sidered to be related to Hand-Schiiller- 
Christian disease. It was for this reason 
that no classification to include either of 
these diseases had been considered up until 
that time. 

Hand-Schüller-Christian disease had been 
called by a multitude of names, most of 
which described the clinicopathophysiology 
of the disease or conjectured regarding its 
etiology. These included; dysostosis hypo- 
phvsaria, xanthomatosis, lipoid histiocv- 
tosis, lipoidosis, lipoid granulomatosis, pri- 
mary granuloma, xanthomatosis, reticulo- 
endotheliosis and others. 

In 1930 Sosman* classified the xantho- 
matoses to include: Gaucher’s disease, 
Niemann-Pick disease, Schiiller-Christian 
disease, xanthoma of diabetes, pregnancy 
and Jaundice, and essential xanthomatosis. 
Sosman further stated that important to 
the classification of xanthomatoses were 
hypercholesteremia and normal cholesterol 
associated with traumatized or suppurative 
areas capable of storing it as a foreign body. 

Mallory,* in 1942, classified this group of 
diseases according to age incidence and the 
nature and distribution of the lesions: (1) 
Letterer-Siwe disease occurs in infancy and 
IS characterized bv diffuse soft tissue in- 
volvement and rapid fatal termination; 
(2) Hand-Schüller-Christian disease is a 
chronic form of the disease process found in 
both membranous bone and soft tissues and 
Is primarily seen in children and voung 
adults; and (3) eosinophilic granuloma is a 
disease found in bone, with little or no 
involvement of the soft tissues, and occurs 
in children and voung adults. 

In 1944, Engelbreth-Holm eż a7? agreed 
with the previous impressions that the 
pathology of Hand-Schüller-Christian dis- 
ease, Letterer-Siwe disease and еоѕіпо- 
philic granuloma was interrelated and 
suggested a classification of all these based 
on the histologic findings in the evolution of 
the disease: (1) the hyperplastic prolifera- 
tive stage in which reticulohistiocytosis is 
prominent and in which eosinophilic infil- 
tration might occur; (2) the granuloma 
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stage; (3) the xanthomatous stage where 
lipid deposition occurs; and (4) the fibrous 
stage of healing. 

Lichtenstein," in 1953, classified. the 
histiocvtoses into three phases of a single 
basic disease process: (1) histiocytosis X 
localized to bone (eosinophilic granuloma); 
(2) disseminated chronic histiocytosis X 
(Hand-Schüller-Christian disease); and (3) 
disseminated acute and subacute histiocy- 
tosis X (Letterer-Siwe disease). 

The latter classification tends to restrict 
eosmophilic granuloma to a type of local- 
ized disease of bone. Since this classifica- 
tion, however, cases of eosinophilic granu- 
loma with multiple osseous lesions and 
asssociated with visceral involvement have 
been reported.* 2993.34.39 Cases of eosino- 
philic granuloma without osseous pathol- 
ogy and simple visceral involvement have 
also been reported.’ 4-4 

А more current classification, based on 
that of Lichtenstein, could include the 
phases of this disease as they manifest 
themselves with regard to the age incidence 
and prognosis: (1) Letterer-Siwe disease, an 
acute disseminated disease of infants 1n- 
volving both osseous and soft tissue with 
the soft tissue lesions predominating and 
having a poor prognosis; (2) Hand-Schul- 
ler-Christian disease, a disseminated. dis- 
ease of children and voung adults having a 
more chronic course and a generallv better 
prognosis than that of Letterer-Siwe dis- 
ease; and (3) eosinophilic granuloma, a 
chronic disease of children and young 
adults with the lesions most often osseous 
and monostotic. In this group the prognosis 
is excellent; when the lesions are multiple or 
visceral the prognosis is similar to that of 
Hend-Schiller-Christian disease. 


PATHOLOGY 


The closely related histologic findings of 
letterer-Siwe disease, Hand-Schüller-Chris- 
tian disease and eosinophilic granuloma 
make it difficult to describe with certainty 
under anv of the disease entities that one 
histologic picture which is typical of that 
particular disease. 

In the early phase, characterizing the 
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acute form known as Letterer-Siwe disease, 
the his-olezic picture is that of a general- 
ized pro iferation of large lipoid and non- 
lipoid stomng reticulum cells. The micro- 
scopic fiel] usually contains a moderate 
numbe- cf multinucleated giant cells, 
leukocytes, reticular fibers and areas of 
necrosis. "he presence of foam cells, col- 
lagenizaticn and scarification indicates that 
the les cms are older and are more closely 
related то the Hand-Schüller-Christian, or 
chronic phase, of the disease. In the latter, 
the lipilited histiocytes seem to collect 
around small blood vessels. The rapid 
prolife-: tion of these cells 15 seen to replace 
norma. tsue and may be so severe as to 
decom >ensate the normal bone marrow and 
produce h=matologic manifestations. 

The presence of an abnormal accumula- 
tion of ecsinophils and histiocytes associ- 
ated with focal areas of necrosis with or 
without hrstiocvtic lipidization categorizes 
this histiologic picture with the group 
known as »osinophilic granuloma. It should 
be pointed out that the presence of eosino- 
phils is aot unusual in Hand-Schüller- 
Christian disease and, although sparse in 
the reticilum cell laden Letterer-Siwe 
disease, tl ev are found here also. Similarly, 
the preseace of lipidized cells 1s not con- 
fined te dand-Schüller-Christian. disease. 
With special stains the early accumulation 
of fat ean be demonstrated in the reticulum 
cells »ota in Letterer-Siwe disease and 
eosinophi ic granuloma. 

In several cases reported without ther- 
ару, hiepsies from many areas in the same 
patient demonstrate "pure" histologic 
characterstics of Letterer-Siwe disease, 
Hand-Scküller-Christian disease and eosin- 
ophili- granuloma. 

In rev ewing the histologic material in 
our own cases of Hand-Schüller-Christian 
disease, Me tissue specimens obtained were 
most caaracteristic of the chronic phase of 
the disese with the presence of collagen- 
ized, scamfied and lipidized tissue predomi- 
nating. 


CLINICAL FINDINGS 


The findings in our group of cases of 
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Hand-Schüller-Christian disease have been 
atypical if one considers the classic triad to 
be typical of the disease process. From a 
review of the literature, however, it is 
evident that less than то per cent of the 
cases have presented the triad of findings of 
diabetes insipidus, exophthalmos, or cranial 
detects concurrently. Most often, the 
presenting complaint is related to one or two 
manifestations of the triad, but not to all 
three. 

Case I presented as a case of migra- 
tory polyarthritis with clinical findings 
consistent with those one would expect in a 
rheumatoid arthritic process. On numerous 
occasions the patient was noted to have 
hot, tender, swollen, red joints. On occasion 
the distribution was bilateral and sym- 
metrical. The only external manifestation 
was the presence of numerous vellowish 
white skin nodules which appeared over the 
scalp, face and trunk as the disease pro- 
gressed. The patient did extremelv well 
following initial roentgen therapy to the 
skull, which had multiple calvarial defects 
demonstrated roentgenographicallv. He has 
been very active, attending school daily, 
and has had no recurrent bouts of migra- 
tory polyarthritis since his first course of 
irradiation. The family denies that the child 
has been incapacitated in any wav by the 
disease. 

Case 11 presented with no specific find- 
ings which could be related to histiocy- 
tosis. She was first seen by her own physi- 
cian who felt that the child had acute 
poliomyelitis because of signs of meningis- 
mus, weakness of the abdominal muscles 
and facial weakness. After what was con- 
sidered a suitable clinical interval, the 
patient was admitted and discharged from 
the hospital where the clinical impression 
was consistent with acute poliomyelitis and 
where she received physiotherapy. The 
patient was readmitted to the hospital two 
months later with the findings much worse 
than they had been previously. Roentgeno- 
grams at this time revealed destructive 
lesions of the skull and cervical spine. A 
neurosurgical evaluation was consistent 
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with that of a diffuse metasta-ic disease 
process involving both the brain and spinal 
cord. It was only after complete roentgeno- 
graphic examination of the entire skeleton 
that the diagnosis of Hand-Schüller-Chris- 
tian disease was suggested and later cor- 
roborated by biopsy study. Despite a 
course of roentgen therapv limited to 200 r 
to 400 r to most of the involved areas, the 
patient expired three vears later with au- 
topsy findings related to aplastic anemia 
secondary to bone marrow replacement by 
the disease process. 

Most of the cases which we have had the 
opportunity to review have also had varied 
initial complaints but, in almcst all in- 
stances, diabetes insipidus, skin lesions, 
enlarged liver and spleen, bone pain, exoph- 
thalmos, loose teeth, persistent draining 
ear, weakness, weight loss, anorexia, dis- 
turbance of growth, and other signs of a 
chronic debilitating disease were present as 
a total clinical picture or in some combina- 
tion to suggest histiocytosis as a differential 
diagnostic consideration. 

We know that the clinical manifestations 
of any phase of this disease are related 
directly to the organ system involved. Bone 
pain, the most common complaint, has its 
origin secondary to replacement of normal 
bone by the hyperplastic reticuloendo- 
thelial cells. Exophthalmos is aparently 
related to the retro-orbital invasion of 
proliferating lipidized histiocytes. Loose 
teeth similarly are related to involvement 
of the maxilla or mandible by the replace- 
ment phenomena to produce the roentgeno- 
graphic finding of "floating teeth." Dia- 
betes insipidus and disturbances of growth 
can be traced to involvement of the hypo- ` 
thalamus or pituitary gland by the disease 
process. Chronic draining ear, a very com- 
mon complaint, is apparentlv related to 
destruction of the petrous portion of the 
temporal bone and involvement of the 
middle ear. Certainly, the lympaadenop- 
athy, hepatomegaly, splenomegaly and 
diminished pulmonary function are related 
to direct involvement of these organs by 
the reticulosis. 
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We can see a very definite similarity in 
the clinical picture of the disseminated 
torms of Letterer-Siwe disease, Hand- 
Schiiller-Christian disease and eosinophilic 
granuloma. The similarity of findings fur- 
ther tends to amalgamate present opinions 
that these separate nosologic disease enti- 
ties are really manifestations of the same 
basic disease process. 

[n the cases of eosinophilic granuloma 
presented as a monostotic osseous form of 
the disease, the patients all had the same 
complaint, Z.e., pain and limitation of 
extremity motion. This complaint ap- 
pears to be by far the most common in this 
phase of the disease. 


ROENTGENOGRAPHIC FINDINGS 


We believe that the evolution of the 
phases of the histiocy соѕеѕ can be related to 
specific. roentgenographic findings. The 
earliest lesions that one sees in all three 
forms of the disease are those of medullary 
areas of rarefaction of both the membra- 
nous and long bones. These appear as small 
“Jakes” which, in some lesions, are sharply 
marginated and scalloped and, in others, 
are ill defined on the periphery, tending to 
shade with normal bone (Fig. 1). As the 
lesions get larger and older they may pro- 
duce the appearance of cystic expansion of 
the long bones and flat bones. In other 
lesions, simple scalloping of the inner cortex 
is evident with extension of the areas of 
replacement proximally and distally in the 
diaphysis and metaphysis and with no sig- 
nificant alteration in the size or shape of the 
bone involved (Fig. 1 and 3). In some of the 
cases which have been reported, areas of 
reactive sclerosis appear in conjunction 
with areas of lvsis and, when associated 
with periosteal proliferative bone change, 
they may simulate Ewing’s tumor or osteo- 
mvelitis. Our case of eosinophilic granu- 
loma of the tibia is an example of this type 
(Fig. 11). In the oldest lesions or those that 
have had specific therapy, a type of page- 
toid change is occasionally seen. In almost 
al! cases, if there is a bone healing phase, it 
simply occurs without residual osseous 
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Fic. 1. Case т. Lesions of Hand-Schüller-Christian 
disease seen in various stages of development, in- 
clude tae early, small, ill-defined "lake," the later 
better deined lesion with slightly sclerotic mar- 
gins, aad the older lesion with moderate reactive 
scleross znd coarsened trabecular pattern. 


deformity and with a return of normal bony 
architecti re. 

In the skull, the early lesions are usually 
punched out and, unlike the lesions in the 
long bones, are not confined to the diploe. 
The lesions here perforate the inner and 
outer tables of the skull early and the soft 
tissue tumefaction felt in the cranial areas 
usually corresponds to defects in the cranial 
bones roentgenograms. Аз the 
cranial lesions get older they produce large 
defects which are serpiginous in outline and 
are often referred to as the "geographic" 
skull (Fig. 4, 6 and 7). 

In z of our cases, involvement of the 
sella twreica was evident. At no time in 
these «ases were there signs of diabetes 
insipidis or growth disturbance. In one 


seen on 


there was moderately extensive involve- 
ment cf the facial bones and maxilla, but 
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lic. 2. Case 1. One year after deep roentgen therapy 
to ie skull, the lesions in the pen bones show re- 


gression, 


there were no signs of loose teeth. In the 
same patient there was involvement of the 
petrous portion of the temporal bone: the 
patient did have a chronic run ear. 

[n previous publications it has been said 
that Eu к the knee are rare, that 
cervical vertebral destructive 
also unusual and that the epiphvses are 
very rarely involved in Hand-Schiiller- 
Christian disease. In our 2 cases of Hand- 
Schüller-Christian disease there was in. 
volvement of the epiphvses at some phase 
in the disease process, (Fig. 1, 3 and 9). In 1 
there was extensive involvement of the cer- 
vical vertebrae. (Fig. 7). In 2 cases, lesions 
were Fais oat both below the knee 
and in the short bones of the hands and feet 
(Fig. 1 and 5). 

We have followed a case of vertebra 
plana for years in which we feel that the 
basic disease process is that of eosino philic 
granuloma." [n this case, the "cnl itë 
ment phase (Fig. 13), the collapse and 
“vanishing” phase (Fig. 14) and the re- 
generative phase (Fig. 15) are all demon- 


changes are 
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strated. We have no biopsy in this case: 
however, healing ot the lesion occurred 
without specific ther: apy except tor bed rest 
and is consistent with the description of 
Compere ef a/." for eosinophilic granuloma 
of vertebrae. 

The pulmonary manifestations of all 
phases of the histiocy toses are interesting 
tor о reason that they were described by 
Hand in his first paper and were not Ге 
ferred to again for т; inv vears. The lesion 
most often appears as an ill-defined infiltra- 
tive process which mav or mav not respond 
to roentgen-rav or steroid ther. apy. As the 
lesion gets older, a honey combing effect® is 
produced which is now considered to be 
more турса] of the histiocytic process in 
the lung, although not specific for this 
disease entitv. 

The roentgen findings then, except in 
some cases of eosinophilic gr: Aulon a, are 
usually disseminated and have 


features 





Fic. 3. Case т, Lesions in the upper humeral shaft 
with serpiginous outline, producing scalloping of 
the inner cortex. 
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specific enough at least to include the 
histiocytic disease phases in the ditferen- 
tial diagnosis when the clinical manites- 
tations suggest a combined tvpe of osseous 
and visceral disease in children and voung 
adults. In the medullarv tvpe of monostotic 
diaphyseal bone lesion, eosinophilic granu- 
loma should always be a differential con- 
sideration. 


TREATMENT AND PROGNOSIS 

The treatment of histiocytosis has re- 
mained relatively unchanged since the first 
reports of roentgen therapy by Sosman”! in 
1930. He indicated that roentgen therapy 
arrests the progress of the disease in some 
patients and will produce permanent or 
temporary remission in other patients. 
Childs and Kennedv? in 1921 indicated that 
roentgen therapy should be tried in all cases 
of histiocytosis and that, if these lesions will 
respond, they will respond to relatively 
small doses. They emphasize that the lower 
the dose of roentgen rays which can be used 
effectively, the less likelihood there 15 of 
damage to the growing bones. 

More recently, treatment with corti- 
costeroids was found to be effective, par- 
ticularly in Letterer-Siwe disease, and to 
date, out of a total of 17 patients reported 
treated with the steroids, 7 are known to be 
alive and very definitely improved.* ?^?'^^ 
The additional 10 patients who also re- 
ceived steroid therapy did show initial 
subjective improvement but subsequently 
demonstrated no clinical response and the 
drug was withdrawn. 

Mermann and Dargeon," in discussing 
the management of certain nonlipoid retic- 
uloses, stated that in their series of patients, 
nitrogen mustard produced considerable 
objective improvement in a patient with 
Letterer-Siwe disease. 

We have, in our small group of patients, 
tried to follow the roentgen therapy princi- 
ples set forth by Childs and Kennedy in the 
treatment of this disease. Our three and 
one-half vear old female patient (Case 11), 
who received roentgen therapy in two 
separate courses to multiple areas, showed 


Histiocytosis X 


669 





Fic. 4. Case 1. Multiple calvarial defects including 
involvement of the facial bones, sphenoid and the 
petrous pertion of the temporal bones. 


immediate subjective improvement and in 
some areas roentgenologic improvement 
following -he first course of treatment. The 
total max mum dose to any one area was 
400 r in air. The second course of roentgen 
therapy relieved pain temporarily, but the 
patient showed rapid deterioration with the 
development of aplastic anemia, sepsis and 
death. Im -his particular case, it was evident 
clinically and roentgenographically that 
the aplastic anemia was related directly to 
the extensive marrow replacement in al- 
most every osseous structure by the disease 
process 

Our six year old male patient (Case 1) has 
never Leen debilitated in any way by the 
disease since his first course of deep roent- 
ven therapy. He has shown no significant 
progressten of the disease in the interval 
and, ir fact, during the course of deep 
roentgen therapy to the cranium there was 
regress ов of the disease in the long bones. 

In the monostotic form of histiocytosis, 
as is seer in eosinophilic granuloma, exci- 
sion is asuallv completely effective (Fig. 17 
and 18). It is our opinion that this should 
be the cteatment of choice. If, following 
surgery, -here is evidence of recurrence or 
incomplete excision, deep roentgen therapy 
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їс. 5. Case т. Unusual involvement of the epiphyses, metacarpals and phalanges. 


should be emploved in a protracted frac- 
tionated manner not to exceed a total depth 
dose of 1,200 r to the lesion. 

We have not had the opportunity to treat 
à case of histiocytosis with either the 





Fic. 6. Case 11. "Geographic" lesions in 
the frontal and parietal bones. 


corticosteroids or radiomimetic drugs such 
as nitrogen mustard. It would appear, how- 
ever, that in those cases where there is 
generalized disease present, either in the 
acute or chronic phase, treatmert should 
commence with the corticosteroids based on 
the excellent clinical summaries described 
elsewhere. If this is found to be ineffective, 
it might be well to use radiomimetic drugs 
such as nitrogen mustard or to use either 
intravenous or oral doses of radioactive 
phosphorus (P?) in a manner similar to 
that used in the treatment of leuxemia in 
children. Certainly, if therapy with Р? js 
considered, a preliminary tracer study 
should be performed with P? to determine 
the degree of differential uptake in the 
abnormal tissue as compared to normal 
tissue. It seems more rational to us to treat 
a disseminated disease process wit? a form 
of radiation which is multifocal rather than 
to use multiple port roentgen therapy with 
repeated doses over a prolonged period. 
Finally, if therapy with either the corti- 
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P? or radiomimetic drugs 15 
unsuccessful, external irradiation in the 
form of deep rcentgen therapy should be 
utilized їп small, fractionated, protracted 
doses similar to those described by Childs 
and Kernedy. 


C( /stero!c s, 


REPORT OF 


Case 1. J.M., a six year old male, was first 
seen at Sc. Charles Hospital in Brooklyn, New 
York on November 18, 1957 with the chief com- 
plaint of migratory polyarthritis. 

The mother stated that the child was well 
until one year prier то admission when he devel- 


CASES 


oped pam in the knees which was associated 
with and There 
moderate elevation of temperature during these 
which subsided with 
ders” and ‘‘capsu es.” The patient subsequently 
developed similar signs in the small joints of the 
hands ard elbows which lasted from three to 
four weexs and were relieved in a similar man- 


rec ness tenderness. was a 


episodes to 103°F. "pow- 


ner. 

Four months prior to admission, following 
roentgerologic study, the patient was hospital- 
ized elsewhere элеге biopsy of the distal right 
femur was performed. The pathologic diagnosis 


was “consistent with that seen in polvostotic 





Fic. 7. Case п. Marked progression is noted despite 
deep -oentgen therapy after an interval of one 


and cne-half years. Note destructive changes in 


the cervical spine. 
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Fic. 8. Case п. 
there њ no significant involvement of the dorso- 
lumbar spine or hips. 


A lesion of the right ilium is seen, but 


fibrous 1vsplasia of bone." Roentgenographic 
studies which included the skull, made immedi- 
ately acter the biopsy, were thought to be 
“consistent with multiple myeloma, reticulum 
cell sarcoma, or hyperparathyroidism.”’ 

Two menths prior to the time we saw him, 
the patent had had repeated episodes of joint 
pain апі was rehospitalized. At this time yel- 
lowish wate skin nodules which were demon- 
strated in the axilla were biopsied. The patho- 
logic report was that of "fibroxanthoma" of the 
skin. Ore month later, he again developed joint 
pains ir the knees and hands. The family, after 
receiving advice to take the child to a warmer 
climate. decided to seek other medical opinion 
and brought him to St. Charles Hospital. 

Upor admission on November 18, 1957, the 
patientwas referred for roentgenogr aphic study 
and a dagnosis of Hand-Schüller-Christian 
disease was suggested, based on the roentgen 





1с. 9. Case п. Nearly two years after Figure 8, there 
is marked progression of the disease with extensive 
involvement of the ribs, spine, humeri, pelvis and 
hips. Note epiphyseal involvement. 


hndings in the lower and upper extremities (Fig. 
гапа 3). On December 3, 1957 skull roentgeno- 
grams demonstrated multiple osteolvtic lesions 
involving the cranial bones (Fig. 4) and at this 
time It was advised that the patient have addi- 
tional biopsy study. The patient's. parents 
denied any history of exophthalmos, diabetes 
insipidus, weight loss, or anorexia but did state 
that he had frequent upper respiratory infec- 
tions. 

Physical examination revealed a well-devel- 
oped, well-nourished boy in no acute distress. 
The positive findings were confined to mutiple 
skin nodules distributed over the scalp, face, 
abdomen and axilla which varied in size from 
pinhead to pea size and were firm, yellowish 
white and freely movable. A systolic murmur 
which was thought to be functional was heard 
at the cardiac apex. The extremities failed to 
reveal any significant pathology except for scars 
from the previous biopsy study. 

On December 12, 1957 a biopsy of the skull 
was performed. The surgeon reported that, 
upon exposure of the outer table of the skull, an 
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area of whitish discoloration was noted which, 
when uncovered, revealed the presence of yel- 
low, soft, pliable multiloculated material which 
was well demarcated from the normal surround- 
ing bone and which did not perforate the inner 
table of the skull. 

The pathologist’s report on the material 
obtained was "fragments of bone partially 
replaced by dense fibrous tissue which is occu- 
pied in one area by small groups of compact 
cells having an abundance of foamy cytoplasm. 
There are multinucleated giant cells seen fre- 
quently with eosinophils.” The diagnosis was 
Hand-Schüller-Christian disease. 

The patient was then referred to the general 
staff conference for opinion regarding therapy 
and 1t was suggested that deep roentgen-ray 
therapy be given to the areas which were pain- 
ful. 

Roentgen therapy was administered utilizing 
the following factors: 200 kv. peak, 20 ma., with 
о.5 mm. Cu and т.о mm. Al filtrztion, half 
value layer 0.9 mm. Cu. A target skin distance 
of 50 cm. was used to direct the beam to the 
right and left sides of the skull througa a 10X 14 
cm. port. The patient received a total air dose 





l'1G. то. Case п. Multiple femoral shaft involvement 
with a lesion in the upper femoral shaft resembling 
osteomyelitis or Ewing's tumor. The latter is simi- 
lar to a lesion of eosinophilic granuloma (Fig. 11). 
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of 1,200 г to the lesions of the right and left 
hemicranium. 

Following the initial course of therapy the 
patient did well (Fig. 2) and asy mpto- 
matic to June, 1958 when he developed dimin- 
ished hearing in his left ear. An ear, nose and 
throat consultant suggested a tonsillectomy. In 


Was 


February, 1959, after frequent upper respira- 
tory infections, the patient had a tonsillectomy 
and improved significantly. 

Laboratory findings on December 11, 1959 
we-e: red blood cell count 3,560,000, hemo- 
globin 11.45 gm., white blood cell count 8,400, 
urine negative, Wasserman negative, sicle cell 
preparation negative. On December 17, 1957 
calcium was 9.3 mg. per cent, phosphorus 4.6 
mg. per cent, alkaline phosphatase 3.5 KA 
un ts, total protein 7.8 gm., albumin 4.6 gm., 
glcbulin 3.2 gm. 

Follow-up roentgenographic studies showed 
resolution in the number of lytic lesions within 
the skull and the lesions in the femoral shafts 
had also undergone regression. The patient 
remained completely asymptomatic except for 
the presence of multiple skin nodules which 
continued to during the ensuing 
period. He is now being followed in the out- 
patient department of St. Charles Hospital. 


increase 


Case п. G.M.S., a three and one-half year old 
feraale, first admitted to St. Charles 
Hospital on December 14, 1962 following an 


was 





lig. 11. Case mi. Eosinophilic granuloma in which 
zhe destructive medullary changes and periosteal 
oroliterative bone change simulate Ewing’s tumor. 
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ic. 12. Case 11. One vear following deep roentgen 
therapy, there is no residual defect. 


illness vehich in October, 1952 was diagnosed bv 
the patierm’s private physician as poliomyelitis. 
At the time of her admission a residual mild left 
facial weaxness, eve asymmetry, weak abdomi- 
nal muscles and a "weak right hip" were noted. 
After эзе month of rehabilitation therapy the 
patient м: 5 discharged to the clinic. 

On February 3, 1953 the patient was seen in 
the ot tpacient department and treated for an 
upper respiratory infection. The mother denied 
any other complaints at this time. The patient 
was retarmed to the clinic on February 9, 1953, 
with ar mcreasing weakness of the right leg, 
increasmz irritability, and meningismus. Phvsi- 
cal examination revealed a difference in the 
deep teadon reflexes. It was felt that she had a 
recurreacc, probably complicated by the upper 
respiratory; infection, and that readmission and 
possibl* п ore rehabilitation were necessary. 

Rocmtgenograms of the pelvis and entire 
spine made on February 9, 1953, revealed a 
lesion ot the right ilium which was thought to be 
consistent with a metastatic process, although 
the possibility of Hand-Schüller-Christian dis- 
ease was пог ruled out (Fig. 8). Neurosurgical 
consu tation suggested meningoencephaloma- 
lacia seceadary to metastatic disease. 
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Roentgenograms of the skull made on April 
2, 1953, showed "'geographic lesions" in the 
frontal and parietal bones (Fig. 6). 

Open biopsy was performed on December 
I6, 1953 and a histologic picture consistent 
with eosinophilic granuloma or Hand-Schüller- 
Christian disease described. 
therapy was advised. 

lhe patient showed temporary subjective 
improvement following deep roentgen therapy 
to the skull (400 r in air), thorax (400 r in air), 
pelvis (400 r in air) and cervical spine (400 r in 
air). 

One year later she was readmitted to the 
hospital with tenderness over the dorsal spine, 
extremities and left clavicle. Repeat roentgeno- 
graphic examination at this time confirmed the 
clinical impression that there had been marked 
progression of the lesions (Fig. 7, g and то). 

Additional roentgen therapy was adminis- 
tered over the spine and pelvis. The total dose 
did not exceed 400 r in air in any of these areas. 
Again there temporary improvement, 
lasting about two months. At that time the 
patient was placed in a body spica for relief of 
pain, particularly of the dorsal spine. Repeated 
measurements of urinary output failed to reveal 
any evidence of diabetes insipidus. 

In February, 1955 the patient developed 
chicken pox and from this point on the course 
was that of rapid deterioration with develop- 


уаз Roentgen 


Was 





Eosinophilic granuloma of the 
fourth lumbar vertebra in which there is early 
spotty destructive change in the centrum. (Repro- 
duced with permission from the New York State 


Fournal of Medicine.) 


Fic. 13. Case Iv. 
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Fic. 14. Case tv. One month after Figure 13, the 
"vanishing phase" is demonstrated. No therapy 
except bed rest. (Reproduced with permission 
from the New York State Journal of Medicine.) 


ment of profound anemia and leukopenia. In 
April the platelet count, despite repeated trans- 
fusions, was 66,000, hemoglobin 5.8 gm., and 
white blood cell count 2,700. In June the pa- 
tient contracted mumps following which the 
liver and spleen became enlarged. There were 
repeated bouts of hematemesis and body 
ecchymoses. In September the plate et count 
was 13,000, hemoglobin 54 per cent and the 
patient developed bronchopneumonia. In Octo- 
ber a hematoma on the calf was found to be 
septic upon incision and drainage. In November 
an absess of the mandible and severe nose 
bleeds occurred. In December, 1955 the patient 
expired and an autopsy revealed his-opathol- 
ogy consistent with advanced Hand-Schüller- 
Christian disease involving all organs, with 
almost complete replacement of the hemato- 
logic system by the disease process. 


Case їп. L.V., a three year old child, was 
admitted to St. Charles Hospital on August 8, 
1954 because of pain in the right lower extrem- 
ity. Approximately two weeks prior t» admis- 
sion the mother had noted a mass in the region 
of the right calf which, on examination by the 
mother, was tender. On admission the positive 
physical findings consisted of an ill-defined soft 
tissue fullness over the posterior upper one- 
third of the right tibia. There was no redness or 





Fic. 15. Case у. Two years and three months after 
Figure 14, the regenerative phase is seen with a 
residual vertebra plana. The patient 1s now asymp- 
tomatic. (Reproduced with permission from the 


New York State Fournal of Medicine.) 


heat in this region but there was marked ten- 
derness immediately over the central portion of 
the fullness described. The clinical impression 
at this time was that of acute osteomyelitis. The 
white blood cell count was LT OOO, hemoglobin 
13 gm., tuberculin OT 1:10,000 negative. 
Roentgenograms of the tibia revealed a medul- 
lary destructive lesion in the region of the mid- 
shaft of the right tibia associated with endos- 
teal and periosteal proliferative bone change. 
The roentgenographic impression was that of 
acute osteomyelitis with Ewing's sarcoma a 
secondary consideration (Fig. 11). 

On August 25, 1954 a biopsy of the right 
tibia was performed. The surgeon reported 
cortical expansion at the level of the lesion 
which was entered with a trephine. Yellowish 
gray gelatinous material was encountered and 
removed for microscopic study. The pathologist 
reported eosinophilic granuloma. 

A course of deep roentgen therapy was ad- 
ministered to the lesion from August 27, 1954 to 
September 13, 1954 utilizing the following 
factors: 200 kv. peak, 20 ma., 0.5 mm. Cu and 1 
mm. Al filtration, half value layero.g mm. Си. A 
field size of 10X10 cm. at 5o cm. target skin 
distance was emploved and the total tumor dose 


was 1,000 r. 
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[he patient made a complete recovery (Fig. 
12) and a repeat roentgenographic examination 
done in May, 1959 was negative. 


Case iv. T.V., a two and one-half year old 
female, complained of pain in the lower back 
and legs for six weeks prior to admission. The 
pain appeared to be relieved at complete bed 
rest, but mot with aspirin. Roentgenograms of 
the lumbar spine taken їп a union clinic health 
center were reported to be negative. 

On Jznuary 28, 1954 the patient was ad- 
mitted to St. Charles Hospital at which time 
the pain was reported to be in the lower back 
and right lower extremity. Physical examina- 
tion at this time including complete neurologic 
survey was reported to be negative. Laboratory 
findings were negative. Tuberculin OT 1: 10,000 
was negate. 

Roentgenographic examination on January 
29, 1954 revealed an early destructive lesion of 
the body of L4 (Fig. 13) which, in the absence of 
any significant reactive soft tissue pathology at 
this level, was thought to be metastatic 1n orl- 
gin. Intravenous pyelography done on February 


24, 1964 was negative. However, during this 





Fic. 16. Case v. Eosinophilic granuloma in which 
extensive destructive change 1s demonstrated. 





lic. 17. Case у. One month after Figure 16 
further destructive change is seen. 


, 


interval there was almost complete dissolution 
of the affected vertebral body (Fig. 14). The 
roentgen impression was that of eosinophilic 
granuloma. 

The patient received no specific therapy 
except for bed rest and analgesics as needed and 
remained well on this regimen. Repeat roent- 
genograms on March 16, 1954 showed recalcifi- 
cation of the vertebral body. At this time we 
felt that the roentgen impression of eosinophilic 
granuloma had been confirmed. Before dis- 
charge from the hospital in May, 1954 a resid- 
ual vertebra plana was demonstrated. At no 
time during the patient’s hospitalization was 
there a febrile episode. The patient was dis- 
charged in May, 1954. 

At the patient’s last clinic visit in May, 
1956 repeat roentgenograms of the lower 
lumbar spine revealed the presence of a healed 
vertebra plana (Fig. 15). The patient was com- 
pletely asymptomatic at this time. 


Case v. K.M., a two and one-half vear old 
child, was admitted to St. Charles Hospital on 
October $, 1949 with a history that she had been 
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well until ten weeks prior to admission when she 
developed pain in the left hip. The patient was 
seen by a chiropractor who advised roentgeno- 
graphic study. Roentgenograms of the left hip 
supposedly revealed “tuberculosis cf the left 
ilium." The patient was placed in a hip spica six 
weeks prior to admission. In the plaster cast she 
was completely asymptomatic. We had the 
opportunity to review the roentgenograms 
prior to the patient's hospital admission and we 
felt that the roentgen findings were more con- 
sistent with a neoplastic process (Fig. 16 and 
17). The patient was then admitted to the 
hospital and on October 6, 1949 a biopsy of the 
left ilium was performed. 

The surgeon reported that the lesion was 1n 
juxtaposition to the left greater sciatic notch 
and had produced expansion of the cortex. 
When the cortex was entered a vellowish white 
gelatinous material was found. А segment of 





Fic. 18. Case v. Two years and three months follow- 
ing surgical removal of the lesion, no residual pathol- 
ogy 1s demonstrated. 


Vor: 36; Mo. 


this material was removed for microscopic 
study. The patient had an uneventful postoper- 
ative period. 

The pathologist reported the lesion to be that 
of an eosinophilic granuloma. 

On October 18, 1949 complete curettage of 
the lesion was performed and again the patient 
had an uneventful postoperative course. 

Roentgenographic survey of the osseous 
system following surgery failed to reveal evi- 
dence of any additional pathology. The patient 
was discharged from the hospital on October 28, 
19:9, completely asymptomatic in a plaster 
spica. 

A clinical and roentgenologic examination in 
January, 1952 was negative (Fig. 18). 


SUMMARY 


We have attempted to review the litera- 
ture in order to re-emphasize that Letterer- 
Siwe disease, Hand-Schüller-Christian di- 
sease and eosinophilic granuloma are re- 
lated processes representing different phases 
of the same basic disease. 

Occasionally, both clinically and roent- 
genographically, particularly after the dis- 
ease is disseminated, there is such a 
similarity of findings that it 1s difficult to 
classify the disease under any single noso- 
logic entity. 

The prognosis in Letterer-Siwe disease 
and Hand-Schiller-Christian disease has 
improved considerably since the advent of 
therapy with the corticosteroids and it 15 
suggested that this will be the treatment of 
choice in the disseminated phase of the 
disease. If therapy with corticosteroids 1s 
unsuccessful, radiomimetic drugs should be 
considered. Although therapy with P? has 
never been described in this disease, it 
should be a consideration, particularly if, 
after tracer doses of P?, the abnormal tis- 
sue shows a relatively selective uptake of 
the radioactive material. Finally, if treat- 
ment with all other modalities fails, deep 
roentgen therapy should be utilized with 
attention directed to the symptomatic foci. 


Joseph P. Arcomano, M.D. 
325 Park Avenue 
Huntington, Long Island, New York 
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REPORT OF A CASE WITH NIEMANN-PICK DISEASE: 
CORRELATION OF ROENTGENOGRAPHIC 
AND AUTOPSY FINDINGS 


By HYMAN L. GILDENHORN, M.D.,* and GEORGE D. AMROMIN, М.р. { 


DUARTE, CALIFORNIA 


HE roentgenographic appearances of 

various organ systems in Niemann- 
Pick disease according to the manv reports 
in the literature indicate a paucity of ab- 
normal findings. We recently encountered a 
patient with infantile Niemann-Pick di- 
sease in whom the roentgenographic picture 
was unusual. In addition to the previously 
reported abnormal roentgen findings, the 
medullary cavities of the long bones were 
widened and there was thinning of the 
cortices and expansion of some of the 
shafts. The distal femurs had the Erlen- 
meyer flask deformity usually associated 
with Gaucher’s disease. It mav be of 
Interest to review the roentgenographic 
findings of previously reported cases and to 
describe those noted in our case. 


REPORT OF A CASE} 


The patient was the first child of Jewish par- 
ents. Pregnancy was uncomplicated and at 
term a 6 pound, t1 ounce male was delivered 
normally. At three months of age, however, 
hepatosplenomegaly was discovered, and at six 
months the infant was admitted to another 
hospital for diagnostic studies. A diagnosis of 
Niemann-Pick disease was made on the basis 
of a bone marrow aspiration. During the next 
eight months the infant was seen at three other 
institutions before being admitted to the City 
of Hope Medical Center. 

Physical examination revealed a chronically 
ill fourteen month old boy. He had protuberant 
eyes and decreased subcutaneous fat. Fundus- 
copy disclosed cherry red spots in the maculae. 
The abdomen appeared enlarged, and the liver 
was felt g cm. below the right costal margin 
and the spleen 10 cm. below the left costal mar- 
gin. 


t Detailed biochemical studies are in progress and will be re- 
ported separately by the Department of Pediatrics. 


There was minimal generalized lymphadenop- 
аһу and the extremities were emaciated. 
Deep tendon reflexes and the cremasteric re- 
Hex were absent. There was a questionable bi- 
lateral Babinski sign. 

The diagnosis of Niemann-Pick disease was 
confirmed when the characteristic cell was 
found in a marrow aspirate. Skeletal survey 
roentgenograms revealed generalized osteo- 
porosis with wide medullarv cavities and dif- 
fuse underconstriction of the long bones (Plate 
I, та, трапа 2). The expansion of the shafts of 
the long bones was most marked in the left 
humerus and both femurs. А miliary fine nodu- 
larity, which did not change appreciably during 
the nine months the child was followed at this 
institution, was noted on the chest roentgeno- 
gram (Plate 1 3). A roentgenogram of the ab- 
domen showed hepatosplenomegalv (Plate 1 4). 

The child had a progressively downhill course 
and died when twenty-one months old. 

The pertinent autopsy findings were as fol- 
lows: The patient was underdeveloped, poorly 
nourished, 82.5 cm. tall and weighed 10.2 kg. 
The scrotum and extremities were edematous. 
There was an eczematous skin eruption of the 
torso and upper arms. The peritoneal cavity 
contained 1,000 cc. of almost clear pale milk- 
colored fluid, and characteristic Niemann-Pick 
cells were found in the liver, spleen, lymph 
nodes, pulmonary alveoli, bone marrow, testes, 
gastric mucosa, pancreas and thymus. The 
brain. also showed the presence of lipoid in 
ganglion cells and astrocytes. Lipid-laden cells 
in the viscera varied from 30 to 80 и in greatest 
dimension. They had abundant cytoplasm, 
which in hematoxylin-eosin preparation was 
foamy with numerous smaller clear vacuoles. 
These cells were red when stained with Sudan 
iv. Their nuclei were comparatively small and 
slightly irregular. 

Many pulmonary alveoli were filled with 
foamy cells (Plate 11 5), and there were also foci 
of acute bronchopneumonia. 
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PLATE I. (та) Anteroposterior roentgenogram of both lower extrematies shows thinning of the cortices, wide 
medullary spaces and diffuse underconstriction of the long bores. (17) Roentgenogram shows detail of 
expanded distal femoral shaft. (2) Anteroposterior roentgenogram of the left upper extremity shows thin- 
ning of the cortex and expansion of the proximal half of the hu erus. (3) Anteroposterior roentgenogram 
of the chest shows a reticulated linear pattern of markings with m Вагу nodularity in both lungs. (4) Arrows 
indicate the borders of the enlarged liver and spleen. 


and light orange-yellow. Grosslv, the archi- spleen weighed 305 gm. It had a granular sur- 
tectural detail was indistinct. Microscopically, face, was firm and on sectioning was of a dif- 
the architecture was considerably distorted by fuse go-den orange color. Microscopically, the 
great numbers of foamy cells which distended spleen, try mus and lymph nodes were exten- 
the sinusoids. Some liver cells also had a slight sively replaced by foamy cells identical to those 
foamy appearance but in comparison were described above. 


The liver weghed goo gm., was very firm, minimally involved (Plate п, ба and 64). The 


682 Нутап L. Gildenhorn and George D. Amromin APRIL, 1961 





еж "ai! 


Prate rr. (5) Photomicrograph of lung specimen shows numerous foamy cells within the alveoli. (52) Photo- 
micrograph of liver specimen (low magnification) shows numerous foamy cells distending sinusoids. 
(64) Higher magnification of ба shows details of large lipid containing cells. (та) Photomicrograph of bone 
marrow shows relatively small trabeculae of spongy bone amid abundant cellular marrow. (77) Higher 
magnification of 7a shows foamy cells admixed with hematopoietic elements. (8) Photomicrograph of 
brain specimen shows numerous glial cells with large amounts of clear cytoplasm. 
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The bone marrow was very cellular. Trabec- 
шаге of spongy bone appeared compressed and 
sparse within the marrow (Plate 11 7a). In addi- 
tion to cells of the hematopoietic series, the 
mzrrow spaces contained numerous foamy cells 
which were somewhat smaller than those in the 
lymph nodes, liver and spleen. Megakaryocytes 
anl younger forms of the erythrocytic series 
could be identified. Mature forms were sparse 
(Plate п 72). 

The brain showed cortical atrophy of a slight 
to moderate degree. It weighed 998 gm. and was 
unusually firm. Almost all of the ganglion cells 
had abundant foamy cytoplasm and were ap- 
proximately four times larger than the swollen 
glial cells, which were present in great numbers 


(Plate 11 8). 


DISCUSSION 


Thannhauser? notes that in the infantile 
form of Niemann-Pick disease the skeletal 
system sometimes shows slight osteoporo- 
sis; however, this change was usually not 
found even though the bone marrow was 
involved. The lungs showed miliary nod- 
ules. Hepatosplenomegaly was palpable in 
the infants, but roentgenographic correla- 
tion was not noted. Unfortunately, in the 
reports of the adult form of Niemann-Pick 
disease reviewed by Thannhauser, there 
was no description of the roentgenographic 
appearance of the bones. 

Brailsford? simply states thst no definite 
bone changes are seen. Schinz ef al.’ also are 
of the opinion that bones in Niemann-Pick 
disease show no gross roentgen changes. 
Ciffey* comments that the patient. with 
Niemann-Pick disease usually dies before 
there are апу conspicuous skeletal changes. 
Poncher? reported a case of an eighteen 
month old patient whose tubular bones 
showed areas cf rarefaction. 

Baumann eż 47? published a comprehen- 
sive review of the literature as well as a 
report on their own detailed studies of an 
additional case of Niemann-Pick disease. 
They observed miliary infiltration of the 
lungs and osteoporosis of the skeletal sys- 
tem on the roentgenograms of their patient, 
which were the onlv abnormalities they 
encountered. The bone age appeared some- 
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what accelerated; there were three carpal 
ossificatien centers in the wrists at eighteen 
months of age. 

[n his review article, Van Creveld!’ states 
that the roentgenograms of the long bones 
in Niemaan-Pick disease often demonstrate 
osteomalacia and osteoporosis. He also 
refers ta Freudenberg's* report of a spon- 
taneous fracture, which actually deals with 
а set of twins, both of whom had Niemann- 
Pick disease. Their bones showed a delay in 
appearance of growth centers in the wrists, 
were abmormallv radiolucent, lacked a well 
defined zortex and had a coarsened trabecu- 
lar pattern. Initially, there was no sign of 
rickets ава the condition was not present in 
the first twin, who died at the age of seven- 
teen months. However, in the second twin, 
shortly before he died fourteen months 
later, a transverse fracture without dis- 
placement involving the left femur was 
found amd vet there was no history of 
antecedent trauma. The roentgenograms 
also demonstrated florid rickets. Freuden- 
berg pestulated that the combination of 
severe esteoporosis and superimposed rick- 
ets hac led to the spontaneous fracture. 
There ате no other case reports of fractures 
in patents with Niemann-Pick disease. 
Incidentally, there were no pulmonary 
abnormaities, and abdominal roentgeno- 
grams were not mentioned in Freudenberg’s 
report. 

Videlmek" described a case of a five and 
опе-һаЁ year old boy followed for over 
three vears after Niemann-Pick disease was 
diagnosed. There was roentgenographic 
evidence of osteomalacia and delaved bone 
development as well as diffuse speckled and 
lacy infl-ration of both lung fields. 

The infant with Niemann-Pick disease 
reported by Alexander! had the unusual 
finding of extensive symmetric calcification 
in the adrenal glands. The adrenals were 
enlarged due to the presence of abnormal 
lipoid deposits in abundant vacuolated 
cells. А though Alexander suggested a 
causal relationship of the lipoid deposits 
and the calcification, it is also possible that 
the finding was coincidental since it has not 
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been noted in any other reported case of 
Niemann-Pick disease. 

Crocker and Farber? have reviewed the 
roentgen findings in their 18 cases, ranging 
in age from newborn to 19.6 years. They 
found no abnormalities on тапу skull 
roentgenograms, intravenous pvelograms 
and gastrointestinal studies. Their patients 
often had miliary infiltrates in the lungs 
appearing as early as at the age of four 
months. These usually did not change after 
they were first detected. At autopsy the 
infiltrates consisted of numerous foam cells 
in alveolar spaces. The bones frequently 
showed coarsened trabecular patterns, wid- 
ened medullary cavities and underminer- 
alization. One patient showed these changes 
early, but later in life the bones apparently 
returned to normal. There was occasional 
mild failure of tubulation but none of the 
cases showed the Erlenmeyer flask deform- 
ity characteristic of Gaucher's disease. 

Our patient had hepatosplenomegaly as 
demonstrated on a plain roentgenogram of 
the abdomen and miliary nodular infiltrates 
in the lungs. The numerous foamy histio- 
cytes in the liver, spleen and pulmonary 
alveoli found at autopsy accounted for the 
roentgen abnormalities. The appearance of 
the bones was due to replacement of normal 
marrow hematopoietic elements by foam 
cells which seemed to compress the bony 
trabeculae and also ballooned out the cor- 
tices of the long bones. 


SUMMARY 


A case of Niemann-Pick disease is pre- 
sented and the roentgen and autopsy 
findings in the bones, lungs, and abdomen 
are discussed. A review of the literature is 
also presented relative to the roentgeno- 
graphic findings. 

In addition to widened medullary cavi- 
ties, undermineralization of bones and mild 
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failure of tubulation reported bv others, our 
patient had a more marked diffuse under- 
constriction of the long bones as well as 
expansion of the shafts of some of these 
bones. 

An abdominal roentgenogram verified 
the clinically palpable hepatosplenomegaly. 


Hyman L. Gildenhorn, M.D. 
Department of Diagnostic Radiology 
City of Hope Medical Center 
Duarte, California 
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GAUCHER'S DISEASE 
CLINICAL AND ROENTGENOLOGIC MANIFESTATIONS 


By BERTRAM LEVIN, M.D.* 


CHICAGO, ILLINOIS 


"AUCHER'S disease, originally de- 
scribed as an epithelioma of the 
spleen, is now generally accepted as being a 
hereditary me-abolic disorder characterized 
by the accumv lation of various cerebrosides 
in the reticuloendothelial organs, especially 
the spleen, liver, and bone marrow. 

The disease. though uncommon, is by no 
means rare. The great majority of cases 
reported have been in Jews though various 
other ethnic and nationality groups тау be 
affected. Relatively few cases have been 
reported in Negroes and Orientals. Males 
and females are affected in about equal 
numbers. There have been a number of 
cases occurring in siblings; in only a few 
cases, howeve-, has the disease been found 
in a parent and child. Hsia eż al. suggest 
that there are three genetically distinct 
groups of Gaucher's disease: (1) in a few 
instances the gene is transmitted as an 
autosomal dominant; (2) in most instances 
the gene is transmitted as an autosomal 
recessive; (3) in a small group of cases in 
which there is neurologic involvement in 
addition to the more common bone, liver, 
and spleen changes, it also appears that the 
gene is transmitted as an autosomal reces- 
sive. 

The lipoprctein storage and metabolism 
in Gaucher’s disease have been extensively 
studied. At one time it was the general 
belief that a galactocerebroside, kerasin, 
was the chem:cal stored in the liver, spleen, 
and other viscera. It is now known that 
either glucocerebrosides, galactocerebro- 
sides, or both, mav be the lipoproteins 
stored, with behenic acid the major fatty 
acid constituent.? These substances are not 
normallv fourd in the liver or spleen nor are 
they carried to these organs and deposited. 


Rather т appears that there is probably an 
enzymic abnormality causing an accumula- 
tion of cerebrosides in the reticulum 
cells, ^38 

The mvolved organs contain varying 
numbers of 'Gaucher's cells," which are 
thought to be abnormal reticulum cells. 
The Gawcher cell is a large polyhedral or 
round ce] measuring 20 to 80 win diameter. 
Its nuceus is small and eccentrically 
placed. Мозг often there are multiple nu- 
clei, as many as twenty. The pale-staining 
cytoplasm has a wrinkled tissue paper 
appearance (Fig. 1). The cell degenerates 
slowly and it does not undergo mitotic 





ic. 1. Bene marrow smear (Wright’s stain, X 375). 
The Geucher cells are large and multinucleated. 
The cytoplasm is light staining with a crinkled or 

d punctate appearance. 


* Director, Depar-ment of Diagnostic Roentgenology, Michael Reese Hosp:ta and Medical Center, Chicago, Illinois. 
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division. The spleen, liver, and bone mar- 
row may be packed with these cells which 
may displace the normal cellular elements. 
Lymph nodes are often similarly involved, 
particularly the mesenteric and other deep- 
lying groups. The superficial lymph nodes 
are uncommonly involved and the medi- 
astinal lymph nodes rarely so. The central 
nervous system, the lungs, and other vis- 
cera may also be infiltrated with these cells. 
CLINICAL FEATURES 

Clinically, Gaucher’s disease presents in 
two general forms, the adult and the infan- 
tile. The adult form is by far the more 
common. 

ADULT FORM 

In the typical case the patient presents 
with hepatomegaly and splenomegaly, the 
latter the more prominent. The spleen is 
often enlarged to tremendous proportions; 
those weighing 5 to 6 kg. are not rare and 
one weighing over 8 kg. has been reported." 
In view of this it is surprising that splenic 


————— 





lic. 2. Case 1. Composite roentgenogram of abdo- 
men and gallbladder showing marked spleno- 
megaly and cholelithiasis. 
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Fic. 3. Case 1. The distal ends of the femora show typ- 
ical underconstriction and cortical thinning (Erlen- 
meyer flask appearance). 


rupture is rarely encountered.!! On occasion 
there is no hepatomegalv or splenomegalv 
in spite of varying degrees of bone involve- 
ment. The patient usually complains of 
weakness and fatigabilitv. Mild to moder- 
ate normochromic or hypochromic anemia, 
leukopenia, and thrombocytopenia may be 
present and there may be resultant pete- 
chial hemorrhages and even epistaxis and 
gastrointestinal bleeding. Rarely, there may 
be thrombocytopenia without associated 
anemia or leukopenia. There has been a 
report of one case of Gaucher’s disease with 
macrocytic normochromic anemia with 
leukopenia.’ Infrequently, there is enlarge- 
ment of cervical, axillary, or inguinal lymph 
nodes. Pingueculae, areas of wedge-shaped 
vellowish-brown pigmentation of the con- 
junctivae adjacent to the pupils, тау be 
present. Deep yellowish skin pigmentation 
may likewise appear, especially on the 
lower extremities. The pingueculae and 
lower extremity pigmentation are consid- 
ered to be near-pathognomonic cf Gau- 
cher’s disease.*:!! The conjunctival and skin 
changes apparently reflect a generalized 
hemachromatosis and have been known to 
disappear following splenectomy.” A high 
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тс. 4. Case п. There is bilateral femoral head de- 
struction but the patient has almost no discomfort 


4. 


or gait disturbance. 


incidence of myopia and malar flush has 
been героггес.? An acquired hemolytic 
jaundice may be present; this may account 
for the occasional case of gallstones en- 
countered among even young adults with 
Gaucher’s disease. 

Though the liver is frequently involved 
in Gaucher's disease, abnormalities of liver 
function are rare. Elevation of the serum 
bilirubin and celaved excretion of bromsul- 
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phalein ave the most common abnormalities 
found. [n one reported case marked ascites 
was present; this was secondary to exten- 
sive parenchymal infiltration of the liver by 
Gaucher'* cells.'* 

The bone marrow is frequently infiltrated 
with Gaucher’s cells and depending on the 
site and degree of infiltration the patient 
may or may not have symptoms. At times 
there is localized bone pain which may be 
severe enough to mimic osteomyelitis and 
many patients have been operated on be- 
cause cf this mistaken diagnosis.’ 5: 9/16.26.30 
Draznia and Singer? have stressed the im- 
portance of recognizing these "bone crises" 
so as tc avoid needless surgery. Strickland?! 
noted shat when patients with Gaucher's 
disease ате operated upon because of a 
mistaken diagnosis of osteomvelitis, a sinus 
may form which is particularly intractable 
and may last for weeks.?' 

Spontaneous fractures of long bones or of 
vertebrae mav occur. Deformity of the 
femora. heads much like that seen in asep- 
tic necrosis (Calvé-Legg-Perthes disease) 
mav resu t from bone weakening or infarc- 





Fic. 5. Case п. (4) Femora; (B) tibiae; (C) humerus. There s extensive replacement of normal bone by 
Gaucher’s cells, with a cyst-like appearance. In some areas the cortex is markedly thinned and there 15 


irregularity of gross bone contour. The femora are appreciab у underconstricted. 
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тє. 6. Case rr. The bones of the forearms aad meta- 
carpals show the same disruption of normal archi- 
tecture as do the other long bones. 


поп. Deformities of varving degrees тау 
result {тот weakening of the bones sec- 
ondary to marrow replacement bv the 
abnormal cells. The skull is rarelv involved; 
In fact, the author has found only one case 
report in which the skull was a proved focus 
of Gaucher’s disease, the diploé being ex- 
tensively infiltrated with Gaucher’s cells.?! 
This was a postmortem finding; there was 
no mention of skull roentgenograms. In a 


few cases infiltration of the posterior lobe of 


the pituitary gland has been found. It has 
been postulated that this portion of the 
pituitary gland is related to the reticuloen- 
dothelial system.” 

Occasional cases have been reported in 
the literature and encountered Бу the 
author in which the patient has had no 
hepatomegalv, splenomegalv, or roent- 
genologic evidence of bone involvement. 
The diagnosis had been made on bone 
marrow aspiration performed to seek out 
the cause for anemia. 

It 1s of interest that elevation of the 
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serum acid phosphatase mav be found with 
Gaucher's disease.** The cause for this is as 
vet unknown. This is not related to the 
degree of roentgenographically demon- 
strated bone involvement and may be 
found in both males and females. 

Earlier reports indicated that spontane- 
ous abortions, sterilitv, апа postpartum 
hemorrhage are common in Gaucher's 
disease. More recentlv this concept has 
been refuted.* !?:? 

The diagnosis is made bv a fnding of 
Gaucher's cells in the bone marrow, spleen, 
liver, or lymph nodes. The cells are not 
found in the peripheral blood nor are there 
biochemical changes in the peripheral blood 
which mav aid in the diagnosis. 

There is no known effective treatment. 
Splenectomy may be performed to over- 
come symptoms due to hemolytic anemia 





lic. 7. Case п. The body of the ninth vertebra is 


slightly compressed. There has been no history of 
trauma or back pain. In some cases vertebral com- 


pression may be severe enough to cause a gibbus. 


— 
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or thrombocvtopenia, or to relieve the dis- 
comfort attendant upon carrying a huge 
spleen. It is no longer felt that splenectomy 
increases the resistance of the patient with 
Gaucher’s disezse to infection nor does 1 
hal- the progression of skeletal involve- 
ment. Roentgea irradiation of the spleen 
does not retard its growth or otherwise 1n- 
fluence the course of the disease. Persons 
with the adult form of Gaucher's disease 
may live into the sixth or seventh decades 
but most often they die by the time they 
reach forty vears, death being due to 
hemorrhage or mtercurrent infection. 


INFANTILE FORM 


In this form of Gaucher’s disease signs 
and symptoms may appear within the first 
few months of life. Anorexia and lassitude 
are early symptoms and retardation of 
physical and intellectual development often 
occurs. In the cases reported accumulation 
of oral and pharyngeal mucus has been a 
serious problem. Hypertonicity and opis- 
thotonus are prominent features. The 
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Fic. 8. Case rir. Roentgenogram of a child six years 
old. The &»formity of the right femoral neck is sec- 
ondary to an old fracture. This might also account 
for the bore sclerosis in the area. The architecture 
of the Eft femoral neck suggests Gaucher cell in- 
filtraticn. 


abdomen becomes distended because ot 
progressive? hepatosplenomegaly. Pancy to- 
penia of varying degree 1s invariably pres- 





Fic. 9. Case т. Roentgenograms made at the age of six years. The neck of the left humerus is deformed, 
secondary to a healing pathologic fracture. The upper portion cf the shaft of the right humerus is sclerotic; 


there had never been a fracture in this region. 
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l'1G. 10, Case ш. Roentgenogram made at the age of 
four years. There is marked underconstriction of 
both femora and marked cortical thinning. Similar 
though less striking changes are present in the 
tibiae. 


ent. Skin and conjunctival pigmentation 
does not occur in infants or children 
afflicted with Gaucher’s disease. Death 
usually occurs in the second year. 

The Gaucher cell infiltration in bone, 
liver, spleen, and lymph nodes is the same 
as in the adult form. Unlike in the adult 
form, however, is the frequent pulmonarv 
infiltration. The alveolar walls, alveoli, and 
bronchi often contain large numbers of 
Gaucher's cells and it has been suggested 
that an examination of the sputum for these 
cells might easily lead to an antemortem 
diagnosis and obviate the need for splenic 
or bone puncture.’ (It is of interest that 
in one report of a case of Gaucher’s disease 
in childhood with mediastinal and pul- 
monary infiltration the sputum was exam- 
ined about twenty times for Gaucher's cells 
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but the result was always negative.!?) In 
the infantile form the central nervous 
system 15 one site of involvement which is 
not found in the adult form. The brain has 
been reported as showing atrophy, vacuo- 
lization and mummification of the medium- 
sized pyramidal cells of the cerebral cor- 
tex. This is of a nonspecific nature, being 
found in a wide variety of acute ronspecific 
encephalopathies of infants and children. 
In some cases Gaucher's cells have been 
found in an adventitial reaction about 
cerebral blood vessels.? 


ROENTGENOLOGIC APPEARANCES 


From the clinical and pathologic appear- 
ances one would expect the roentgenologic 
findings to be many and varied; this is 
indeed the case. The bony structures are 
those subject to the broadest spectrum of 
roentgenographically demonstrable changes; 
the abdominal and thoracic viscera ex- 
hibit less spectacular and less specific 
changes. 

Bones. The roentgen changes in the bones 
are dependent upon and reflect the degree 
of marrow infiltration and replacement by 
Gaucher’s cells. One of the more common 
findings 1s expansion of the long bones with 
variable degrees of cortical thinning. This is 
best recognized at the distal end of the 
shaft of the femur but may also be quite 
evident elsewhere (Fig. 3; 5, 2-С: and IO). 





shows 


Fic. 11. Case iv. Chest roentgenogram 
marked deformity of the humeri. The nbs are also 
thinned, presumably due to Gaucher cell infiltra- 
tion. 


The normally present concavity 1s erased 
and there may be localized bulging of con- 
tour. This has been aptly described as 
giving an Erlenmeyer flask appearance 
(Fig. 3). This finding is not specific for 
Gaucher’s disease but may also be found in 
the hemolytic anemias (especially thalas- 
semia), leukemia, healed rickets, hyper- 
thyroidism, old healed fractures, and Al- 
bers-Schónberg disease. However, because 
of the many other clinical and roentgeno- 
logic signs in these diseases the differential 
diagnosis does not pose a serious problem. 
The replacement of normal medullary bone 
and subsequent cortical thinning may 
weaken the bone structure sufficiently to 
cause pathologic fractures. These are usu- 
ally not delayed in healing but may leave 
significant deformity (Fig. 8 and g). In long 
bones the appearance may be one of nu- 
merous sharply circumscribed round radio- 





Fic. 12. Case ту. There is irregular expansion of the 
right femur with a pseudocystic appearance. The 
femoral head and neck and adjacent pelvic bones 
are sclerotic. The stump of the left femur (ampu- 
tated four vears previously) also shows bone 


SC erosis. 
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Case v. The head of the humerus is flat- 
tened, irregular in contour, and somewhat scler- 
otic. Biopsy was positive for Gaucher’s disease. 
There was no history of trauma. Intermittent 
shoulderpain had been present for two years. (The 
apparea* destruction of the clavicle and acromion 
is a photog-aphic artefact.) 


Fic. 13. 


lucent cefe-ts not unlike the patterns found 
in metastatic cancer, multiple myeloma, or 
osteitis f bsosa cystica (Fig. 5, 4-С; 6; 11; 
and 12.. Associated with this appearance 
there may be irregular expansion of gross 
bone outlire. It has been stated that peri- 
osteal rsac: ion does not occur in Gaucher's 
disease. The more recent reports, however, 
disprove this concept.^?* The periosteal 
elevation Coes not have any specific roent- 
genogr: phic appearance. Strickland 's?'cases 
had both lace-like and layer patterns. 
[n some ratients the bone marrow may 
become Abrotic and give a myelosclerotic 
roentgen appearance (Fig. 8, 9, 12 and 13). 
Whether rae sclerosis is due to direct os- 
seous metz plasia of reticular and collagen 
fibers? or to bone repair secondary to 
destructor? has as yet not been proved. 

The tubular bones of the hands and feet 
are rarely sufficiently involved to show 
altered roentgenographic changes. Articu- 
lating cart lage is not invaded by Gaucher’s 
cells and thus arthritic changes are not seen 
except secondary to destruction of para- 
articular bone. 

Destruction of the head of the femur is a 
relatively соттоп occurrence in Gaucher’s 
disease and may present an appearance 
much like that seen in Calvé-Legg-Perthes 
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Fic. 14. Case vr. Roentgenogram of the abdomen 
shows the classic Gaucher's triad: splenomegaly, 
cholelithiasis (barely discernible in the reproduc- 
tion), and femoral head destruction. 


disease (Fig. 4 and 14). The onset of this 
complication may occur at any age. One 
patient in the present series had similar 
changes in the head of the humerus (Fig. 
13). Like in Calvé-Legg-Perthes disease, 
there may be reconstitution of the affected 
bone though this is probably an uncommon 
occurrence in Gaucher’s disease.! The de- 
formities are due to replacement of normal 
bone by Gaucher’s cells rather than to 
vascular deficiency (infarction) as is postu- 
lated for some cases of Calvé-Lege-Perthes 
disease. Other bone or soft tissue infarcts 
are not seen in Gaucher’s disease. 

There have been no conclusive reports of 
roentgenographic visualization of cranial or 
facial bone involvement nor has the author 
encountered any such change. Fairbank“ 
noted that one case showed “fine mottling” 
of the cranial bones, certainly а nonspecific 
and not necessarily abnormal pattern. 
Morgans" reported a patient who had some 
long bone changes and also “а small radio- 
lucency in the left parietal bone." 
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Viscera. Splenomegaly may vary from 
slight to extreme. Hepatomegaly 15 gener- 
ally less evident than splenomegaly. There 
Is an increased incidence of zallbladder 
stones, presumably secondary to ап ac- 
quired hemolytic anemia (Fig. 2 and 14). 
Ascites may rarely occur. The gastrointes- 
tinal tract does not become sufficiently 
infiltrated by Gaucher’s cells to permit 
roentgenologic recognition. Displacement 
by the enlarged liver and spleen are gener- 
allv the only positive roentgen findings. 

The lungs, when involved, have a 
mottled appearance, generally throughout 
both lung fields (Fig. 16). Though some 
authors mention the spread from medias- 
tinal lymph nodes to the pulmonary 
parenchyma, mediastinal Ivymphadenopa- 
thv is not evident on roentgenograms. 
Neither atelectasis, pneumothorax, пог 
pleural effusion has been reported. 

Though renal infiltration has been found 
in Gaucher's disease," this is only a histo- 
logic finding; roentgenographic demonstra- 
tion of such kidney changes is as vet unre- 
ported. 

It should be remembered that not in all 
cases are there positive roentgenographic 
findings. There may be no demonstrable 
splenomegaly, hepatomegaly, or bone in- 
volvement in patients with Gaucher’s 
disease who do have the hematologic 
changes. In these cases the disease is prob- 
ably less severe than in those with roent- 
genologically demonstrable lesions. 


REPORT OF CASES 


A small number of case histories are 
presented to illustrate the many and varied’ 
clinical and roentgenologic manifestations 
of Gaucher’s disease. 


Case 1. К.К. This Jewish male was well until 
about the age of nineteen years. At that time he 
became aware of a left upper quadrant mass and 
easy fatigability. He was found to have marked 
splenomegaly and moderate pancytopenia. 
Roentgenographic studies confirmed the spleno- 
megaly and also revealed gallbladder stones 
(Fig. 2). This combination suggested Gaucher's 
disease. Roentgenograms of the femora further 
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Fic. 15. Case уп. (4) December 8, 1952: The femora show no abnermality. (B) February 16, 1954: There 
are foci of normal bone replacement in the left femoral aezd and in both femoral shafts. 


supported this diagnosis (Fig. 3), and bone 


marrow aspiration confirmed it. Because of 


hemolytic anemia, upper abdominal discomfort, 
and hemorrhagic tendencies (1.е., petechiae and 
prolonged bleeding following tooth extraction) 
when he 


splenectomy was performed in 1957 
was twenty-nine vears old. The spleen weighed 
2,610 gm. (normal, 100-180 gm.). There has 
been no untoward bleeding since then and there 
has been moderate improvement in the anemia. 


Case п. B. B.G. (This case has been reported 


previously by Draznin and Singer.’) This Jew- 


ish female was diagnosed as having Gaucher's 
disease at the age of five years. At that time 
she had hepatosplenomegalv, pallor, and epi- 
sodes of hematuria and epistaxis. She had 
brownish pigmertation of the skin, cervical, 
axillary, and inguinal lymphadenopathy, and 
marked pancytopenia. The diagnosis was made 
by splenic puncture. Splenectomy was then 
performed; the spleen weighed 570 gm. (normal, 
Ioc-180 gm.). Since then (the patient is now 


thirty-five years old) she has been free of 


purpura amd has had no complaints which 
could be n any manner attributed to Gaucher’s 
disease except. for some recurrent pain and 
tenderness over different bones and joints. 
Twice she was operated on with the diagnosis of 
osteomvelris. At neither time was osteomye- 
litis foumd. The initial roentgenograms were 
negative but follow-up studies showed extensive 
and progressive deformity of bone resulting 
from marrow replacement by Gaucher's cells 
(Fig. 4 to 7. The hemogram was within normal 
limits. The patient is married and has had an 
uncomplicated pregnancy delivering a normal 
son with re stigma of Gaucher's disease. 


Case пт. I.R. This Jewish boy was first noted 
to bruise easilv at the age of two months. Be- 
cause one paternal uncle had known Gaucher's 
disease "Case 1) and another had died at the 
age of foar years, six months after splenectomy, 
the child was suspected of suffering from the 
same afFiccion. This was confirmed by marrow 
biopsy. There developed progressively increas- 
ing hepatosplenomegaly, mild axillary and 





lic. 16. Case уп. Chest roentgenogram made post 
splenectomy when the child was free of respira- 
tory symptoms shows bilateral nodular and patchy 
pulmonary infiltration, apparently confned to the 
central lung zones. 


inguinal lymphadenopathy, and moderate pan- 
cytopenia. The child suffered from recurrent 
mild episodes of epistaxis, starting at about 
three years. At the age of three and one-half 
years a splenectomy was performed; rhe spleen 
weighed 538 gm. (normal, 37 gm.). Following 
this the blood findings improved and there were 
no further manifestations of bleeding. The 
child, however, showed roentgen evidence of 
progressive. replacement of bone. He has 
suffered from multiple pathologic fractures, 
some of which have healed with residual de- 
formity (Fig. 8 to 10). He is now eight years 
old and is seriously limited in his activity be- 
cause of his bone fragility. 


Case ту. N.F. This Jewish male was first 
admitted to Michael Reese Hospital at the age 
of fifty years. He had had pain in both legs for 
about fifteen years which had been diagnosed as 
sciatica. About nine years prior to admission he 
fractured the left femur. After five years of 
treatment failed to effect satisfactory union, a 
high amputation was performed. At that time 
he was diagnosed as having Hand-Schiiller- 
Christian disease. About four months prior to 
admission, he developed ascites for which he 
was treated at another hospital. At this time 
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Gaucher’s disease was diagnosed on bone mar- 
row aspiration. On admission to Michael Reese 
Hospital, the patient was emaciated and 
lethargic. The skin had a yellowish-brown hue 
and pingueculae were present. The blood count 
revealed 2,300,000 red blood cells, 1,309 white 
blood cells, and 120,000 platelets рег тт. 
Roentgenograms demonstrated pseudocystic 
changes in the humeri and right femur as well as 
sclerosis of the head and neck of both femora 
and acetabula (Fig. 11 and 12). Splenectomy 
was being performed when the patient died 
suddenly on the operating table. Postmortem 
examination revealed classic Gaucher cell infil- 
tration In a 3,000 gm. spleen (normal, 100-180 
gm.) and a 2,950 gm. liver (normal, 1,500- 
1,500 gm.). There was lymphocytic portal 
infiltration but no hepatic cirrhosis. 


Case v. М.М. This thiry-four year old Jew- 
ish man was admitted to the hospital because of 
left shoulder pain, recurrent for two years and 
of increasing severity for a period of three 
weeks. There was no history of trauma. Nine 
years previously, at another hospital, he had had 
a splenectomy because of anemia and spleno- 
megaly. The pathologic findings were at that 
time unavailable. The only positive finding on 
phvsical examination was limitation of left 
shoulder motion. The red blood cell, white blood 
cell, and platelet counts were normal. Roentgen 
examination of the left shoulder (Fig. 13) 
revealed the articulating surface of the head of 
the humerus to be flattened, the head widened 


and the subarticular bone sclerotic. The carti- 


lage space of the shoulder joint was intact. 

Biopsy of the head of the humerus revealed 
Gaucher cell infiltration. It was later confirmed 
that the splenectomy was performed for this 
reason. 


Case vr. S.L. This fifty-eight year old Jewish 
male was known to have splenomegaly for 
about seven years. Bone marrow aspiration was’ 
positive for Gaucher's disease. He had numer- 
ous small brown pigmented areas on both legs. 
There was moderate normocytic anemia, 
marked leukopenia, and slight thrombocvto- 
penia. For a few years the patient had suffered 
from recurrent left hip pain. Roentgenograms 
revealed gallbladder stones, marked spleno- 
megaly, and destruction of the head of the left 
femur (Fig. 14). 


СА$Е уп. S.M. This white non-Jewish male 
was diagnosed as having Gaucher's disease at 
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the age of seven months following study for 
hepatosplenomegaly and anemia. Splenectomy 
was performed at twenty months of age because 
of anemia, thrombocytopenia, and dyspnea. 
The spleen weighed 930 gm. (normal, 33 gm.). 
This was followed by some improvement in the 
blood picture and relief of the dyspnea. Roent- 
genograms revealed progressive bone replace- 
ment in the head of the left femur and in both 
femoral shafts (Fig. 15, 4 and В). At no time 
did the child give ч of bone or Joint pain. 
Chest roentgenograms showed bilateral diffuse 
pulmonary infiltration, most evident in the 
central lung fields, and punctate and nodular in 
character (Fig. 16). At the age of three years he 
had a massive hemoptysis and died one hour 
later. Postmortem examination revealed the 
liver to be cream-colored and enlarged to 1,530 
gm. (normal, 418 gm.). Both lungs showed 
extensive lymphangiectasis on all surfaces. 
There were numerous Gaucher's cells in the 
lungs, liver, and regional lymph nodes as well as 
in the lumina of the smaller vessels of the brain. 


SUMMARY 


The many and varied clinical and roent- 
gen manifestations of Gaucher's disease are 
discussed and representative roentgeno- 
grams are reproduced. 

The disease mav be present at all ages 
and тау involve various organ systems. 

Similarly, the disease may be a rapidly 
fatal one or a chronic one with few symp- 
toms and the patient living with his disease 
for many decades. 


Michael Reese Hospital and Medical Center 
29th Street and Ellis Avenue 
Chicago 16, Illinois 


The author wishes to acknowledge with 
deep gratitude the counsel of Dr. Aaron M. 
Josephson, Director of The Department of 
Hematologic Research, Medical Research Insti- 
tute, Michael Reese Hospital and Medical Cen- 


ter. 
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AGENESIS OF THE SACRUM AND COCCY X* 


By PAUL M. DASSEL, М.Э, 


GRAND RAPIDS, MICHIGAN 


GENESIS of the sacrum and coccyx is 
an uncommon developmental abnor- 
malitv of the spine. Congenital absence of 
the lumbar spine is more unusual, and con- 
genital absence of the vertebral column 
cephalad to the tenth thoracic segment ap- 
parently is incompatible with fetal develop- 
ment. 

Freedman, im 1950, described a case of 
absence of the sacrum below the second 
sacral segment. He made a comprehensive 
survey of the literature pertaining to con- 
genital absence of the lower spine and clas- 
sified the 44 cases recorded since the condi- 
tion was first cescribed by Hohl in 1852. 
Pirkey and Purcell? reported in the radio- 
logic literature 2 cases of agenesis of the 
lumbar and sacral vertebrae. Blumel, 
Evans, and Eggers,! in 1959, reviewed the 
literature and mcluded § more cases from 
published articles. Thev made an intensive 
statistical compilation and genetic analvsis 
of 50 additiona. cases obtained from a sur- 
vey of one hundred Texas hospitals and 
three hundred orthopedic surgeons in the 
United States and Hawaii. А total of about 
100 cases of agenesis of the lower spine has 
been recorded. 


REPORT OF A CASE 
J.L., a white “emale, was born three weeks 
prematurely on June 24, 1952. Her birth weight 
was five pounds and four ounces. Bowel move- 


.ments were difficult from birth, and she was 


treated for rectal stenosis by dilatation during 
the first few weeks of life. An upper gastro- 
intestinal series at the age of six months was 
negative. Deformity of the lower extremities 
was treated by applications of plaster casts 
during the first year. She ate very little and her 
weight at the age of three years was eighteen 
pounds. Bowe! movements were irregular and 
often resulted in fecal impactions which re- 
quired manual removal by the mother. Cathar- 


tics did na aid the bowel movements. There 
was inconrnence. A cystoscopic examination 
made at the time of a urinary tract infection 
showed exsensive cvstitis throughout the tri- 
gone of the bladder. 

Physica! examination at the age of five and 
one-half vears revealed underdevelopment with 
diminished. muscular strength of both lower 
extremities and marked atrophy below the 
knees. The child's height was thirty-seven 
inches anc her weight was twenty-five pounds. 
The feet were severely pronated, with the heels 
in a valgus position, and the toes were turned 
up. There was painless and full range of hip 
motion. Ske walked with a bowlegged gait 
swinging tte pelvis in unison with the step. 

There was a soft tissue mass over the lower 
lumbar area, and there were peculiar oblique 
skin creass. The pelvis was small. The rectal 
sphincter showed very little tone; however, 
there was 10 anesthesia of the perianal region 
to a pin prEk. 

The mertal development was not impaired. 
One sibling had a minor foot abnormality which 
responded -o treatment. Two other siblings and 
the parent: are normal. 

Roentgenograms showed a congenital ab- 
sence of the sacral and coccygeal segments of 
the spine, «xcept for a small malformed portion 
of the posterior vertebral arch of the first sacral 
segment (Fig. 1). There was a slight deformity 
of the inferior posterior corner of the body of 
the fifth ambar segment and a wide pseudo- 
joint space, bilaterally, between the iliac bone 
and the imerior part of the fifth lumbar verte- 
bra (Fig. 2). The pelvic ring, normal in con- 
figuraticn at six months of age (Fig. 3), became 
narrowed, elongated, and slightly asymmetric 
with weigat bearing (Fig. 4). The iliac bones 
approachel the midline. The hip joints were 
normal. ‘Uhe twelfth rib was hypoplastic on 
the right. The cervical and thoracic segments 
of the spme were normal. The bones of the 
lower extremities were normal except for mal- 
position e the bones of the feet due to soft 
tissue defcrmity. 

An intravenous pyelogram showed minimal 


* From the X-Ray Department of the Ferguson-Droste-Ferguson Hospital, Grand Rapids, Michigan. 
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Fic. т. Lateral roentgenogram of the pelvis at the 
age of five and one half years. There is only a small 
part of the posterior arch of S-1 present. 1-5 is de- 
formed to conform with the bony mass of 5-1. The 
remainder of the sacrum and the entire coccyx is 
absent. 


pyelectasis and calycectasis, and enlargement 
of the urinary bladder. 

At seven and one-half years of age she is still 
having difficulty with bladder and bowel con- 
trol but is improving. The club foot deformity 
is being treated by exercises and corrective 
orthopedic shoes. 


DISCUSSION 
In congenital absence of the lower spine, 
the lower extremities, especially below the 
knees, are tapered because of muscular de- 
ficiencies and underdevelopment. An atti- 
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tude of external rotation and partial flexion 
is common. Some type of club foct deform- 
ity is usually present. Walking is cften awk- 
ward and may be impossible in the more 
severe cases. There is a prominence over the 
lumbar area. The intergluteal fold charac- 
teristically is short and the buttocks are 
small and flattened. 

Deficiencies of the lower spinal nerves are 
frequent with impaired innervation to the 
perineum (5-2 to 5-5) and the legs and but- 
tocks (L-5 to 5-1). The thigh muscles (L-2 
to L-4) are usually normal if the anomaly is 
no more extensive than absence of the sa- 
crum and соссух. Most of these cases have 
incontinence of urine. The anal sphincter is 


l'1G. 2. Oblique roentgenogram of the pelvis at the 
age of five and one half years. There 1s malforma- 
tion of the body of L-5 and a wide pseudo-joint 
space between L-5 and the ilium. 
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atonic, but fecal incontinence 1s unusual. 
Sometimes there are sensory nerve changes 
of the lower extremities, but these changes 
are less pronounced than motor nerve al- 
terations. 

The structural supporting pelvic ring is 
intact and has an essentially normal con- 
tour 1! the first sacral segment is present, or 
if there is sacralization of the fifth lumbar 
vertebra. When this 15 the case, stance and 
gait are almost normal. Absence of this 
bony “keystone” results in a vertical posi- 
tion of the inneminate bones, which meet in 
the midline posteriorlv, and in an altered 
position of the acetabula, with dislocation 
of the hips making walking difficult or im- 
possible. 

Other congenital abnormalities of the 
spine and ribs are often associated with con- 
genital deficiencies of the lower vertebral 


r 
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liG. 3. Anteroposterior roentgenogram of the pelvis 
at the age of sx months. The sacrum and coccyx 
are absent, but the pelvis is normal in contour. 
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l'16. 4. Anteroposterior roentgenogram of the pelvis 
at the age of five and one half years. The bony 
pelvis в narrowed, elongated, and slightly asym- 
metric; these are weight bearing effects. 


segments and include spina bifida, hemiver- 
tebrae, and meningocele. Coexisting soft 
tissue anomalies include: arthrogryposis, 
anal defects, cleft lip or palate, hernia, 
genitoirnary deficiencies and malforma- 
tions, partial agenesis of extremities, con- 
genital heart disease, and reduplications of 
colon, bladder, and penis. 

A deficiency of a primary organizer is be- 
lieved te be the basis for agenesis of the 
lower vertebral segments. The abnormality 
develops early during embryonic life, since 
ossification of the first sacral segment be- 
gins during the eight or ninth week of fetal 
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life. Most cases show a complete absence of 
vertebral development below a certain 
level, and sometimes malformation of those 
lower segments which are present, suggest- 
ing that the inhibitory factor proceeds in a 
caudal to cephalad direction. 

In animals, deficiencies in the caudal ver- 
tebrae have been induced by subjecting the 
embryo to the influence of high tempera- 
tures, lithium salts, insulin, ultraviolet 
rays, or vitamin A deficiencies. In the hu- 
man, possible contributing maternal factors 
are poor nutrition, certain illnesses, fever, 
diabetes mellitus, and the presence of toxic 
substances in the circulation. Some cases 
may be due entirely to heredity. 


SUMMARY 


A case of congenital absence of the sa- 
crum and coccyx is described. Deficiencies 
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in the lower spinal nerves апа muscular 
maldevelopment of the lower extremities 
are associated with this abnormality. Clini- 
cal features of this unusual congenital 
anomalv are reviewed. 


201 Metz Building 
Grand Rapids 2, Michigan 
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DEFECT OF THE CORPUS CALLOSUM AND CON- 
GENITAL OCCLUSION OF FOURTH VENTRICLE 
WITH TUBEROUS SCLEROSIS* 


By G. B. ELLIOTT, M.B., azd D. W. WOLLIN, M.D. 


CALGARY, ALBERTA, CANABA 


URING the last decade it has been 

realized that many fetal abnormali- 
ties, thought to be hereditary 1n origin, may 
be results of fetal disease during intra- 
uterine life and not inevitable. The protec- 
tion of the fetus by the placenta is now 
known to have been greatly over-rated and 
most viruses, bacteria and manv common 
chemicals can pass through the villi into the 
fetal circulation. Primitive cells in. the 
differentiating fetus are particularly sus- 
ceptible to permanent injury bv viruses and 
chemicals which may have no noticeable 
clinical effect on the mother after transfer 
to her unborn child." 

When fetal organogenesis 1s experimen- 
tally interfered with, the end results are 
often common to varied initiating agents, 
and depend more upon the critical timing of 
the mjury. Clearly, the probable agents are 
most difficult to trace manv months later at 
birth. Willis stated that “while scattered 
observations... are of doubtful signifi- 
cance and statistically valueless, 1t 1s impor- 
tant that they should be recorded, for some 
of them may provide clues worth following 
in further inquiries into the histories of 
malformatior-producing pregnancies and in 
further experimental work." With this 
purpose in mind the authors wish to docu- 
ment this single case of agenesis of the 
corpus callosum associated with tuberous 
sclerosis and other abnormalities of the 
brain. 


REPORT OF A CASE 


Baby W., a newborn male, was seen because 
of a large head and a history of two “blue 
? - . ^ 
spelis" twelve hours following birth. 
Physical examination showed that the head 


was !arge, especially in the occipital region; 
bilateral cephalohematomata were also present, 
the larger on the right side. The anterior fon- 
tanelle was widely patent, the posterior small. 
The child was lethargic, listless and quite 
hypotonic. The fundi were normal, there were 
no abnornal neurologic signs, and the neck was 
not stiff. Bilateral subdural punctures through 
the anterior fontanelle revealed no evidence of 
subdural hematoma. A ventricular puncture 
was carr:ed out and 10 cc. of air substituted for 
ventricu ar fluid on the left side. The ventricu- 
lograms were interpreted as indicating an 
agenesis of the corpus callosum, with the possi- 
bility of a concomitant tuberous sclerosis be- 
cause of the irregularities of the walls of the 
vent-icular cavities (Fig. 1—4). 

The cild died six weeks later, after many 
more ‘blue spells" from staphylococcal bron- 
chopneumonia. 

At avtopsy the main abnormalities. were 
found in the brain (Fig. 5-9). On microscopic 
examination of the nodular areas, Luxol fast 
blue enc other stains showed a loss of normal 
cortical amination and myelin meshwork with 
marxed glial proliferation including scattered 
occasional large protoplasmic astrocytes. These 
changes were not restricted to the visible 
nodular areas, but were present to some degree 
throughout the cerebrum, as 15 common in 
tuberous sclerosis. None of these lesions were 
fourc in the brain stem or cerebellum. The 
fourth ventricle formed a cyst, lined by smooth 
epencyma and showed no foramina. The aque- 
duc- was dilated, unkinked and reached 3 mm. 
in diameter. 

А 2mm. tubular hamartoma was found at 
the corticomedullary junction of one pyramid 
in tae left kidney. No other abnormalities were 
detected. 


DISCUSSION 


It was formerly believed that the protec- 


* From the Department of Clinical Pathology, Calgary General Hospitzl, Ca gary, Alberta, Canada, and Department of Radiology, 


Kingston General Hospital, Kingston, Ontario, Canada. 
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Гс. т. Ventriculogram, anteroposterior view. The 
space between the anterior horns is occupied by 
cerebral tissue anterior to the plane of the septum 
pellucidum. The lateral walls of the anterior horns 
are irregular due to nodules of gliosis, while the 
roofs are deformed by masses of tuberous tissue. 
The arrow indicates an abnormally peaked dorsal 
margin of the lateral ventricle (see also Fig. Ek 





Ётс. 2. Ventriculogram, brow up lateral view. Three 
features are demonstrated: (1) Relativelv small 
size of the anterior horns of the lateral ventricles; 
(2) marked widening of the foramen of Monro due 
to absence of the fornix which normally forms its 
anterior margin. The anterior wall of the third 
ventricle and the anterior horn of the lateral ven- 
tricle show a continuous line; (3) a central radio- 
lucent shadow demonstrates the absence of the 
septum pellucidum and free communication be- 
tween the lateral ventricles (arrow). 


G. B. Elliott and D. W. Wollin 


APRIL, 1961 


tive barrier of the placenta was so complete 
that congenital anomalies were probablv 
hereditary and unavoidable. However, 
proof of genetic origin in many of -he most 
common defects, especially cardiac, has not 
been forthcoming in the literature. Even 
occurrence in twins or siblings, so often 
assumed to be prime evidence of hereditary 
origin, may equally be the result of соттоп 
exposure to environmental causes which go 
unrecognized." 

Experimentally it would appear that 
detects and malformation correspond more 





Fic. 3. Ventriculogram, posteroanterior view. Widely 
separated and enlarged posterior horns of the lat. 
eral ventricles are seen with medial and cephalad 
extension of the roofs in a bicornuate deformity. 
Irregular nodules are seen in the walls of the lat- 
eral ventricles particularly on the right side due to 
tuberous gliosis corresponding with “cardle gut- 
tering" seen in the gross specimen (arrc w). The 
bilocular midline collection of air interposed be- 
tween the lateral ventricles represents the pos- 
terior extent of the abnormal cavity joining the 
two lateral ventricles, which is ordinarily occupied 
by the septum pellucidum. The "partition" is un- 
explained, 
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EX э, 
Fic. 4. Ventriculegram, brow down lateral view. 
Both occipital regions of the lateral ventricles are 
g-osslv dilated, compared with the small under- 
developed antenor horns. The sharplv circum- 


Fic. 5. Cermal section of the brain through the atria 
of the ateral ventricles, thalami and floor of the 
fourth ventricle (from behind). The lateral ven- 


scribed radiolucent shadow (arrow) represents the 
abnormal common cavity between the two lateral 
ventrcles occupying the position of the absent 


tricles resent as a common cavity with complete 
absence c a septum pellucidum and corpus callo- 
sum. Mecially rotated gyri and sulci of the sagittal 


fissure form the medial part of the roof of a com- 
mon ventricular cavity. The sulcus to the left of 
the midsagittal plane superiorly (upper arrow) 
represenzs the peaked dorsal margin of the lateral 
ventricle (compare with Fig. 1). А mass of tuber- 
ous gliosis deforms the roof of the atrium on the 
left (lower arrow). The temporal horns are rela- 
буе!” acrmal, but no hippocampal stripes or olfac- 
tory nerwes can be detected. 


septum pellucidum. 


with the time at which a harmful agent 
damages embryonic processes which are 
actively proliferating. As the various organs 
forming at the same time are subject to the 
same noxious azents, it is thought that this 
mav be a reason why multiple anomalies 
tend to appear rather than solitary ones. 
No evidence has been recorded to show that 
agenesis of the corpus callosum has any 
hereditary basis in humans. It is stated to 
be a familial cccurrence in the mouse.’ A 
considerable variety of anomalies has been 
reported in association with it, including 
cerebral microgyria, cerebellar hypoplasia, 
stenosis of the aqueduct, porencephaly, 
patent ductus arteriosus, bifid ribs and 
multiple dental cysts. None of these appear 
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Fis. 6. Coronal section of brain anterior to that in 
Figure 5 seen from behind. The common cavity of 
the lateral ventricle is seen with medially rotated 
zvri in the roof. Bicornuate deformity of the roofs 
of the lateral ventricles is just appearing (arrows). 
Glia! tissue, replacing normal cortex, obliterates 
the lateral cortica! sulci and enlarges the hemi- 
spheres, especially the temporal lobes. 
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Ётс. 7. Medial aspect of the left cerebral hemisphere 
showing absence of corpus callosum and rhinen- 
cephalon, cystic fourth ventricle with rudimentary 
vermis and hypoplastic pons. Note the pseuco- 
cortical paraventricular nodules of tuberous scler- 
osis ("candle gutterings"). Micro- and macro- 
gyri make up the cortical surface of the hem- 
isphere. No cingulate gvrus can be detected. 


with undue frequency. However, it regu- 
larly concurs with failure of development of 
the rhinencephalon which includes the 
septum pellucidum, fornix, fimbria, hip- 
pocampal gyri and olfactory nerves. Both 
the corpus callosum and rhinencephalon 
begin as thickenings of the lamina termi- 
nalis at about the same time in embrvonic 





Fic. 8. Lateral view of the left cerebral hemisphere. 
A plaque of white mammillated tuberous tissue 
replaces the cortex of the parietal and temporal 
lobes. Isolated islands of similar nature can be 
seen (arrows). 


lite and grow posteriorly in ram’s horn 
fashion together with the evolution of the 
temporal lobes. Because agenesis affecting 
both formations appears to be the rule, it is 
clear that absence of the corpus callosum 
cannot be a reversion to a more primitive 
form of brain, for the rhinencephalon is 
phylogenetically older. 

No maternal disease was detected at апу 
stage in our case. No cause for the condition 
IS known, but it has been suggested as a 
possible sequel of maternal rubella during 
pregnancy in one report.t We could find 
records of only 2 instances of somewhat 
similar combinations of callosal defect and 
tuberous sclerosis in the litersture.2"3 

The absence of a roof to the third ven- 
tricle or the presence of a common ventricu- 
lar connection causes the most ckaracteris- 
tic roentgenographic appearance.* The lack 
of formation of the genu of the corpus 
callosum is responsible for the failure of 
forward extension of the lateral ventricles 
bevond the plane of the foramen of Monro. 
On the other hand, the dorsal margins of 
the lateral ventricles are peaked and the 
posterior horns are dilated due to the ab- 
sence of periventricular matrix ¿nd tape- 
tum, which are normallv in active forma- 
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тс. 9. Lateral view of the right cerebral hemisphere. 
The main plaque of tuberous tissue almost forms 
a mirror image of that on the left side. Опе appar- 


ently isolated island of similar tissue is marked 
(arrow). 
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tion at the same time as the corpus cal- 
losum.® 

Tuberous sclerosis is known to have a 
strong genetic oasis, but is rarely observed 
in the newborn. This suggests that in some 
wav the rate of development was enhanced 
in this case. 

Lipoma of the corpus callosum often 
occurs with ircomplete formation of the 
corpus callosum. These masses seem to be 
hamartomatous, arising in tissues around 
the anterior cerebral arteries, moulding 
supracallosal structures, including the falx 
and preventing their further evolution bv 
obstructing their growth rather than a 
basic developmental defect of the corpus 
callosum itself. 5-19 

In contradistinction to the above, our 
case 15 an example of an arrest of develop- 
ment of the corpus callosum and rhinen- 
cephalon occurring before the end of the 
third month of fetal life.! The foramina of 
Magendie and von Luschka begin to appear 
about the fitth to sixth week of embryonic 
life.? [n our ease their absence led to the 
development of a grossly dilated fourth ven- 
tricle.! There is, therefore, good reason to 
believe that al the lesions in our case dated 
from about this time. 

In retrospect the selective occipital 
enlargement of the head noted clinically 
was due to the dilatation of the fourth 
ventricle. This feature has been noted pre- 
viously by Matson.’ 


SUMMARY 


A case of a complete defect of the corpus 
callosum and rhinencephalon, with atresia 
of the foramina of Luschka and Magendie 
and tuberous sclerosis is described. These 
lesions probably date from about the sixth 
week of embryonic life. They are reported 
to draw attention to the earlier phases of 
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malformacion-producing pregnancies. 
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PNEUMOCYSTIS CARINII PNEUMONIA* 


By К. H. FALKENBACH, M.D., Priv. Doz. Dr. Mev. К. D. BACHMANN, 
and B. J. O'LOUGHLIN, M.D. 


SANTA MONICA, CALIFORNIA 


HE first cases of pneumocvstis Carinii 

pneumonia were reported in this coun- 
try by Lunseth eż a/. in 1955. Since that 
time many cases have been recorded from 
all over the United States and Canada. 
Most of these reports include only a few 
cases observed by the authors. No one in 
this hemisphere has, as yet, seen as large 
an outbreak of this disease as that reported 
by Bachmann? in Cologne and by Freu- 
denberg and ТоЫег!'* in Switzerland. It 
would seem, therefore, that this disease, in 
this country, is still somewhat unusual or 
exists unrecognized. 

We observed a few cases of pneumocvs- 
tis Carini! pneumonia and were intrigued 
by the roentgen appearance of the chest in 
these children. We then studied the roent- 
genograms of the children involved in the 
epidemic in Cologne, Germany and it 
seemed that the roentgen findings, although 
not pathognomonic, were so similar in all 
cases that thev could be called character- 
istic for this disease. After we had studied 
the roentgenograms of over 100 cases and 
had a better understanding of the roentgen 
appearance of this entitv, we found 3 cases 
presenting this lesion handled by one pedia- 
trician in our city. It seemed to us, there- 
fore, that the disease is not as rare in this 
country as it may appear from the litera- 
ture, but that it goes undiagnosed in too 
many cases. The purpose of this paper is 
to alert the radiologist who has the oppor- 
tunity of seeing these cases to the signs 
which aid in their recognition and diagno- 
sis. 


ETIOLOGY 


The disease is caused by a proto- 
99 9: 


z00n,? 7.5.9 the pneumocvstis Carinii, first 
described by Chagas" in 1909 and then by 


Carini," whose name was given to the or- 
ganism. The early investigators saw this 
organism only in animals. The first case of 
pneumocystis Carinii seen in a human was 
described by Van der Meer ard Brug’ 
in 1942 without them identifving it. Otto 
Jirovec demonstrated the organism in the 
lungs of 16 children (observed by Vanek 
and Jirovec*’ between 1945 and 1951) who 
died of an interstitial type of pneumonia. 
The clinicopathologic picture of the dis- 
ease was described in 1913 by Watjen* 
and in 1927 by Feyrter!? and otkers.28:32: 
This unusual interstitial pneurnonia in 
early infancy was the concern of many 
clinicians and pathologists.4:1%*! Using 
Koch’s postulates, it has not been definitely 
proved that the pneumocystis Carinii pro- 
tozoon has produced this particuler type of 
interstitial pneumonia. However, in all 
cases of this disease the organism has been 
found. It is, therefore, assumed that this 
otherwise harmless saprophyte is a causa- 
tive factor in susceptible patients. 

The reason for an epidemic outbreak of 
this disease and/or its sporadic occurrence 
is not yet clear. It could well be thet adults, 
who are otherwise free of clinical symp- 
toms and show no roentgenographic find- 
ings, are the carriers of the disease. The 
complement fixation tests recently devel- 
oped^"" may shed further light on this 
problem. Ewerbeck!® demonstrated clini- 
cally that the adult is a carrier of the - 
protozoon and strict isolation and steriliza- 
tion methods may well prevent spread of 
the disease. 


CLINICAL FEATURES 


Pneumocystis Carinii pneumonia usu- 
ally occurs in children between the ages 
of two and five months, and mcst com- 


* From the Departments of Radiology of the UCLA School of Medicine, Los Angeles, California, and the Kinderklinik cer Universi- 
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monly in premature, underweight children, 
or in children whose resistance 1s decreased. 
This tvpe of interstitial pneumonia has also 
been described in some adults but in all 
these cases a marked debilitating disease 
was present? The incubation period 15 
approximately forty to fifty days.°™ The 
lethality of the disease lies between 30-50 
per cent, ^ *?» 9? This high death rate forces 
as to be concerned. 

The clinical picture may be very stormy. 
An apparently well child may in a few hours 
develop severe dyspnea, tachypnea, cya- 
nosis and facial paleness ending in sudden 
death in a few hours or in from two to five 
davs. Pathologic examination has shown 
this to be the cause of death in some infants 
who were apparently well when they were 
put to bed in the evening and were found 
deac in their cribs on the following morn- 
ing.* On the other hand, the disease may 
run a relatively insidious course in the 
beginning without alarming either the 
child's parents or his doctor, and then sud- 
denlv attack the patient with full severity. 
Alsc, the symptoms may increase slowly 
until the full clinical picture 1s present. The 
infant is completely apathic, in a collapsed 
condition, with a frightful face, a tachvpnea 
between 80-120 and severe dvspneic суа- 
nosis, using all his auxiliary. respiratory 
muscles to the fullest extent the prostrate 
condition allows." 9:9.7.8.21,26,33 

In contrast to this alarming clinical pic- 
ture are the phvsical findings and labora- 
тогу studies. The lungs on auscultation and 
percussion do not appear unusual; one may 
hear onlv a fine, paper-like crackle over the 
lower lung fields. Electrocardiographic 
studies do not reveal a myocardial insufh- 
сіепсу and are normal. The blood study 
mav show elevation of the white blood cell 
count but is otherwise undiagnostic. 

Premature infants in the sixth to eighth 
weck of life with plasma cell pneumonia 
demonstrate a drop in the gamma globulin 
fraction and an increase in the alpha globu- 
lin fraction. If the child contracts this dis- 
ease between the tenth and thirteenth 
weeks of life, an increase in the alpha and 
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gamma f-actions with a depression of the 
albumin fraction is noted.!??°°° Occasion- 
ally, elevation of the plasma calcium levels 
is seen.’ In most cases, the pneumocvstis 
Carinii can be found in the sputum. А 
special sti ning method has to be used with 
a phase microscope. ** The absence or non- 
demonstration of the protozoon in the 
sputum does not exclude the diagnosis of 
pneumocys-is pneumonia. 


ROENTGEN FINDINGS 


The chnician, therefore, has to depend 
to a greet extent on the roentgenographic 
studies, m addition to his clinical observa- 
tion, in making a diagnosis. The chest 
roentgenograms are usually characteristic”! 
and present the most valuable contribu- 
tion to the clinical diagnosis. It is surprising 
that the roentgenologic interpretation 15 
treated so lightly; only a few articles place 
adequate importance on the value of these 
findings.** Unfortunately, the differen- 
tial diagresis of an interstitial type of 
pneumonia includes some thirty different 
types of «Чзеазе.® The majority of them 
can be diderentiated by the roentgeno- 
graphic study alone, but in many instances 
the combination of the roentgen findings, 
age group, specific history or evident clin- 
ical find ngs must be taken into considera- 
tion. 

The chznges on the chest roentgeno- 
grams seen most commonlv (Fig. 1) are 
those of zn extensive bilateral broncho- 
pneumoatz with generalized, localized and 
interstit al emphysema, often with small 
atelectatic segments. In 150 chest roent- 
genograms reviewed for pneumocystis 
Carini pneumonia, the ground glass ap- 
pearance described in many publications 
was not observed by us. The changes seen 
in these lungs seem to spread from the hilar 
areas into the periphery. No signs of hilar 
lymphadenopathy were seen. Fine lines of 
increased density fanning out from the hili 
into the periphery are observed leaving an 
emphysematous peripheral border of the 
lungs free of involvement (Fig. 2). These 
linear densities are surrounded by more or 


709 





тс. т. Chest roentgenogram of a three month old 
male four days after hospital admission. Diagnosis 
of pneumocystis Carinit was established at autopsy 
four days after this roentgenogram was taken. 


less fine to coarse, patchy densites. Some- 
times these patchy densities conglomerate 
to form pneumonic infiltrates affecting 
larger lung segments (Fig. 3). Both lungs 
were alwavs involved, the upper lobes 
most frequentlv, and often all five lobes 
showed marked changes which were most 
obvious in the left upper lobe. The lower 
lobes were less markedlv infiltrated but 
demonstrated definite emphysematous 


changes. We observed the emphysematous 
involvement best in the lateral views. The 
heart, aorta and pulmonary vessels showed 





l'iG. 2. Chest roentgenogram of a two and one-half 


month old female ill for two days. The patient died 
one day later of pneumocystis Carini diagnosed at 
autopsy. 
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тс. 3. Chest roentgenogram of a three month old 
female taken one week after admission and ten 
days after the onset of clinical symptoms. Diag- 
nosis of pneumocystis Carini] was confirmed at 
autopsy fourteen days after the orset of symp- 
toms, 


no evident changes and we did not note any 
pleural reactions. 

The extent of pulmonary involvement 
could not be used as a prognostic sign 
(Fig. 4 and 5). The early stages of the dis- 


ease have not definitely been demon- 
strated on roentgenograms because the 


patient is usually not ill enough to warrant 
an early roentgen study. Obviously, no 
roentgenograms are available of children 





Fic. 4. Chest roentgenogram of a fourteen week old 
temale child taken on admission to the hospital 
after one day of clinical symptoms. The patient 
died the same night and a diagnosis of pneumo- 
cystis Carinii was confirmed at autopsy. 
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Гіс. § Chest roeatgenozram of a fourteen week old 
male taken on admission to the hospital after one 
day of clinical symptoms. The patient survived 
and was discharged from the hospital after three 
mor ths. 


who died suddenly from this disease. 
There appears to be little doubt that the 
chest roentgerograms of the children whose 
sudden death is attributed to the disease 
would not have differed from the chest 
-oentgenograms or the children whose 
leaths occurred їп the later course of the 
disease. This conclusion is reached because 
of the parallel findings in the lungs in all 
these cases at necropsv. 

The clinical course of the disease lasts 
about six to emwht weeks but roentgeno- 
zraphic changes are present for a much 
longer period of time. This definitely poses 
a difficult differential diagnostic problem. 
Unfortunatelv, not enough follow-up stud- 
ies are available. In the cases we have seen, 
the lungs did not appear normal two years 
after the children had recovered sympto- 
matically (Fig. 6, 4-0; and 7, 4 and B). 

The roentgen findings in the acute stage 
of the disease must be differentiated from 
extensive bronchopneumonia of a bacterial, 
viral or tuberculous origin. Aspiration pneu- 
monia, giant cel! pneumonia and cytomeg- 
alic disease occurring as an interstitial 
pneumonia, measles and pertussis pneu- 
moria can easily be considered as being 
consistent with zamma globulin abnormal- 
ities. 

PATHOLOGY 


The pathologic changes of the disease 
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have been extensively discussed since its 
recognition. :!°.29-38 [t is rarely mentioned 
that the organism can spread through the 
blood and lymph vessels and may be found 
in the kidneys, brain and liver, in addition 
to its typical appearance in the alveoli of 
the lung. 


TREATMENT 


At the present time no specific therapy is 
known. АП antibiotics, chemotherapeutic 
agents, antihistamines, cortisone, and anti- 
malaria agents have failed. Symptomatic 
therapy with oxygen and careful nursing 
are the oniy measures that afford relief 
and make she patient more comfortable. 
The use of antibiotics 1s recommended to 
control infection from secondary invaders. 


DISCUSSION 


Interstitial plasma cell pneumonia due 
to pneumocystis Carini is a highly conta- 
gious disease tor the susceptible individual, 
usually the infant between two and five 
months of zge, premature, underweight, or 
debilitated “or some other reason. The high 
(30-50 per cent) mortality rate should 
point up the importance of further study 
of this entity. 

We do not believe that the disease 15 as 
rare as is indicated in the literature but 
that it is too often undiagnosed. In many 
cases it mzy run such a moderate course 
that тат be clinically unnoticeable and 
only the incidental chest roentgenographic 
examination may point to the diagnosis. 
This has aready been reported by Stern- 
berg and Rosenthal and we made similar 
observations in two sets of twins. One twin 
showed clinical evidence of the disease and 
had to be hospitalized but the other was 
symptom ree. The first knowledge of in- 
volvement of the lungs was by chest roent- 
genograms made routinelv on admission 
(Fig. 8 and 9). 

The recognition of these cases 15 very 
Important as the clinically silent case can 
very well be the cause of epidemics pre- 
viously described in hospitals and chil- 
dren’s homes. We believe that one would 


hospital when the patient was clinical 
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FG. 6. (4) Chest roentgenogram of a ten week old fem 
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ale, ill for two weeks, taken at the most acute stage of 
the clinical symptoms. (B) Chest roenteenogram taken six weeks after Æ at the time of discharge from the 


' symptom free. (C) Roentgenogram taken four months after the 


clinical onset of the disease. At this time the child had been symptom free for three months. (D) Roentgeno- 


gram taken five months after B. There were no clinical symptoms and the child was perfectly well. 


not be wrong, in view of the high mortality 
of this disease, to make a diagnosis of 
pneumocystis Carinii pneumonia i3 infants 
between the ages of two and five months 
who are underweight, debilitated or pre- 
maturely born; who show signs of increas- 
ing dyspnea and cyanosis with little cough 
or temperature elevation and witl out sig- 
nificant physical findings or charzcteristic 
laboratory studies; and whose che:t roent- 
genograms demonstrate pronounced em- 


physema and findings consistent with dif. 
fuse bilateral bronchopneumoniz. Such a 
diagnosis would result in the immediate use 
of sterile procedures and strict isolation of 
the patient. To date, this is the onlv suc- 
cessful measure for controlling the disease. 

The chest roentgen findings alone are not 
diagnostic of pneumocvstis Carinii pneu- 
monia but they are consistently similar in 
all cases and are, therefore, characteristic. 
The extensive bilateral involvement of the 
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ungs and the concomitant generalized 
nterstitial emphysema are rarely seen in 
апу other tvpe of interstitial pneumonia in 
this age group. 


SUMMARY 


Interstitial plasma cell pneumonia due 
to the pneumocvstis Carini protozoon 15 а 
disease of early childhood which is not as 
rare as was previously believed. Awareness 
of the disease may lead to the diagnosis of 
many more cases and may prevent un- 
necessary infantile deaths. The diagnosis 
can be made by the characteristic roentgen 
findings in the chest correlated with the 
clinical history and physical findings. 
К.Н. Falkenbach, M.D. 


Department of Radiology, UCLA 
Los Angeles 24, California 





Fic. 7. (4) Chest roentgenogram of a three month 
old male taken at the height of the disease, two 
weeks after the onset of clinical symptoms. (B) 
Same patient as in 4 after he had been symptom 
free for two years. 
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l'1G. 8. Ches! roentgenogram of a three month old 
male at the time of hospital admission with severe 
clinical syraptoms. The patient survived. 


We wish to express our thanks to Leonard 
Montaz, M.D. for allowing us to use informa- 
tion from 5 private files for the demonstration 
of his cases an our Figures 8 and о. 
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ROENTGEN SIGNS OF PNEUMOPERITONEUM 
IN THE NEWBORN* 


By ENRIQUE SCHWARZ, М.р. ї 


CHICAGO, ILLINOIS 


DELAYED diagnosis of pneumoperi- 

toneum in the newborn infant 15 com- 
monlv associated with fatal consequences. 
Perforation can occur anywhere along the 
gastrointestinal tract of infants, frequently 
producing pneumoperitoneum. The causes 
of perforation are many and have been 
described elsewhere.?:? The clinical features 
and the treatment of this condition have 
been recently described by Hamrick.’ 

A careful study of the roentgenograms 
of these patients discloses the presence of 
free air in the abdomen, by which an early 
diagnosis can be established, thus reducing 
the high mortality rate. 


ROENTGEN DIAGNOSIS 


The supine roentgenogram. When perfora- 
tion of the gastrointestinal tract occurs into 
the peritoneal cavitv, rapid accumulation 
of air ensues, producing abdominal disten- 
tion. Unless the possiblity of pneumoperi- 
toneum is suspected, the roentgen exam- 
ination of the abdomen in these infants is 
frequently made in the supine position. The 
diagnosis of free air in the peritoneal cavity 
can then be established by the presence of 
a central collection of air beneath the 
anterior abdominal wall, which adopts the 
round or oval shaped contour of the child’s 
abdomen (Fig. 1). 

The detection of this roentgen sign can 
be made shortly after the onset of symptoms. 
When the pneumoperitoneum is severe, the 
air bubble tends to bulge the abdominal 
wall, outlining structures located anteri- 
orly. The urachus and/or the falciform 
ligament can then be seen as a thin dense 
line parallel to the midline and dividing the 
gas bubble in two segments (Fig. 2). The 


size of the air bubble is variable, depending 





lic. т. Supine roentgenogram of the abdomen of a 
newborn infant with gastric perforaticn. An oval 
shaped collection of air is seen occupying the cen- 
tral portion of the abdomen (arrows). 


on the amount of air swallowed by the in- 
fant, the time lapse after the onset of per- 
foration and its location. If the amount of 
tree peritoneal air is small, the gas bubble 
тау go undetected as it may be assumed 
to be part of the gaseous pattern of the 
intestinal tract. 

The erect roentgenogram. When perfora- 
tion of a hollow abdominal viscus is sus- 
pected, the roentgen examination of the 
abdomen performed with the infant in the 
erect position is regarded as ideal." Even 
a small amount of intraperitoneal air will 
visualize as a radiolucent line underneath 


* From the Department of Radiology, College of Medicine, University of Illinois, Chicago, Illinois. 
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the diaphragm in this roentgenogram. Air 
in large amounts tends to surround the 
liver and to separate it from the right hemi- 
diaphragm. The distance between the 
stomach fundus and left hemidiaphragm is 
also increased and all the upper abdominal 
structures are displaced downward and 
centrallv; the degree of separation of the 
diaphragm from these structures is related 
to the degree of pneumoperitoneum (Fig. 
3). 

Air-containing loops of bowel are visual- 
izel as somewhat deflated when the pneu- 
moperitoneum reaches large proportions. 
The presence of free fluid is detected in the 
erect roentgenograms as infraperitoneal 
fluid levels. 

MacGillivray and co-workers report on 
the use of roentgenograms made in the 1n- 


verted position in these cases. These 





Fic. 2. Supine roentgenogram of the abdomen in a 
five day old infant with marked abdominal disten- 
tion. Note the extensive amount of free air in the 
abdominal cavity outlining and bulging its lat- 
eral walls. The thin line seen parallel and to the 
right of the spine represents the projection of the 
falciform ligament (arrows). 
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Fic. 3. Same patient as shown in Figure 2. Erect 
roentgemogram shows a large amount of free air 
under th- diaphragm. 


roentgenograms show the presence of a 
large a meunt of air separating the abdomi- 
nal contents below from the abdomino- 
pelvic boundaries above. Gas in the scro- 
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Fic. 2. L ега] recumbent roentgenogram demon- 
strating a large air-fluid level extending from the 
diaphra<m to pelvis. This is characteristic of pneu- 
moperitoneum with peritoneal fluid. 
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lic. 5. Line drawing showing the anterior semilunar 
collection of air separating the viscera from the 
abdominal wall in a case of pneumoperitoneum. 
This sign is observed on lateral roentgenograms. 


tum and subcutaneous tissue of the lower 
abdominal wall is also seen. 

The lateral roentgenogram. The presence 
of pneumoperitoneum in the newborn can 
also be detected in the lateral recumbent 
position with roentgenograms taken with a 
horizontal beam. This view is used rou- 


tinely in some institutions in cases of 


abdominal distention in the adult. The 
lateral roentgenogram shows the free air 
separating the intra-abdominal structures 
from the abdominal wall (Fig. & }, 
Another interesting roentgen sign on 
lateral roentgenograms consists of a semi- 
lunar translucency located anteriorl to the 
abdominal viscera and separating them 
from the anterior abdominal wall. This 
represents free air in the peritoneal cavity 


(Fig. 5). 


COMMENT 


Perforation of the gastrointestinal tract 
in the newborn infant is uncommon but, 
when present, occurs most frequently in the 
stomach and duodenum. Stomach perfora- 
tion produces pneumoperitoneum readily 
but small bowel perforation is seldom asso- 
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ciated with free abdominal air. The earliest 
roentgenographic sign of pneumoperito- 
neum 1s that of air underneath the dia- 
phragm which can be detected only when 
roentgenograms are taken in the erect 
position. In other positions, the diagnosis 
of pneumoperitoneum can sometimes be 
missed due to a lack of familiaritv with the 
roentgen signs. Although upright films are 
preferable to those taken in the supine 
positions, frequently the presence of intes- 
tinal perforation is not suspected and 
roentgenograms are taken with the infant 
on his back. 

Braunstein? was the first to describe the 
visualization of the outline of the Zalciform 
ligament of the liver against the radio- 
lucency of free abdominal air in the supine 
position. Astlev! describes in his book the 
presence of a central abdominzl trans- 
lucency in this position, corresponding to a 
bubble of free air under the abdominal wall. 
Miller” regards this finding as pathogno- 
monic and calls it the “air dome" or ‘‘foot- 
ball" sign. Although this тау be mistaken 
for intestinal dilatation due to obstruction 
or volvulus on the supine roentgenogram, 
a positive diagnosis of pneumoperitoneum 
can be established on erect roentgeno- 
grams. It is also possible to obtain the same 
results when the inverted position is used, 
holding the infant by its feet; thus air will 
tend to fill the pelvic cavity.’ 

On lateral roentgenograms, the semi- 
lunar collection of air anterior to the ab- 
dominal viscera has been observed by 
Pendergrass and Booth,’ and Foron and 
co-workers.* This is also characteristic of 
tree air in the peritoneal cavity and a help- 
ful sign when these roentgenograms are 
studied. 


SUMMARY 


The roentgen signs of pneumoperitoneum 
їп the newborn are briefly reviewed. 
Emphasis is placed on the less commonly 
recognized findings seen on roentgeno- 
grams taken in the supine and lateral posi- 
tions. Familiarity with these signs assists 
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IMPERFORATE ANUS FROM A ROENTGENO- 
LOGIC VIEWPOINT* 


By OLIVER WINSLOW, M.D., RICHARD LITT, M.D., and DONALD ALTMAN, M.D. 


MIAMI, FLORIDA 


ONGENITAL anorectal malforma- 

tions have an incidence of one in 6,000 
births, making “imperforate anus" one of 
the most common major congenital anom- 
alies. The radiologic literature on this 
subject is rather meager, but comments on 
the radiologic aspect are found in the sur- 
gical literature.7:1923 Such terms as "help- 
ful," “misleading,” “Ingenious,” and “соп- 
fusing” have been used to describe the 
role of roentgen studies in this field. 

To evaluate the radiologic problems and 
results, we have reviewed the literature and 
collected 31 cases that have been seen in 
the Miami area. 


EMBRYOLOGY 


It is not our purpose to discuss exten- 
sively the embryology of anorectal mal- 
formations, as there are many excellent 
papers on this subject.:2)7 A brief summary 
Is pertinent, however, as failures in the 
normal development give rise to the mal. 
formations encountered clinically, апа 
some knowledge of the em bryology is help- 
ful in understanding them. 

If the division of the cloaca bv the 
urorectal septum into a urogenital sinus 
anteriorly and a rectum posteriorly is not 
complete, a “fistula” between the rectum 
and bladder, urethra or vagina persists. 
The embrvologic error can be explamed by 
the above mechanism, whether it repre- 
sents true fistula formation or failure of 
anal migration. 

The cloacal membrane is divided into an 
anterior urogenital membrane and a pos- 
terior anal membrane by the downzrowth 
of the urorectal septum. By the eighth 
week of embryonic life the anal membrane, 
which separates the rectum from the ex. 


terior, is ruptured normally by ingrowth ot 
the ectodermal anal anlage (proctodeum), 
Thus the anus and rectum become one con- 
tinuous canal. 

The time of the developmental arrest 
appears to account for the various mal- 
formations. Usuallv there is a failure of 
both of the developmental steps outlined 
above. Practically all infants with imper- 
forate anus have a connection between the 
rectum and either the urinary tract, peri- 
neum, or vagina. 

TYPES OF FISTULAS 

The most common tvpe of "fistula" in 
the male is the rectourethral; rectoperineal 
and rectovesical fistulas may also occur. In 
females, however, fistulas to the urinarv 
tract are extremely rare, and the most 
commonly encountered connections are 
with the vagina (high or low), the introitus, 


and the perineum. A few cases of multiple 
fistulas have been recorded. 


CLASSIFICATION AND THE ROENTGENO- 
LOGIC PROBLEM 

Although there are numerous c assifica- 
tions of the congenital anorectal anomalies, 
the time-honored one Ьу Ladd and Gross? 
(Table 1) has gained most wide acceptance 
in the United States. Recentlv, Scott and 
Swenson" outlined a classification | in. 
corporatng some of the concepts of 
Browne, which we believe has helped to 
clarifv the diagnostic and treatment prob- 
lems. These authors eliminate Туре п of 
Ladd and Gross and separate Type т into 
high and low level varieties. Browne feels 
that the Type п lesion of Ladd and Gross 
may not exist, and that cases assizned to 
this group may be either the "microscopic 


* From the Departments of Radiology of Variety Children’s Hospital, Jackson Memorial Hospital, and the University of Miami 
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anus" (variart of Type 1) or a covered 
anus (Type їп variant) which is unrecog- 
nized. Tvpe rv lesions are evidentlv rare. 
Of the four classes discussed bv Ladd and 
Gross, Type тл is by far the most frequent 
anc the one that chiefly concerns the radi- 
ologist. 

The concept of two major groups of 
deformities—those with rectal agenesis and 
those without, but with an anus that is 
malformed or misplaced—was introduced 
bv Browne,® whose classification is included 
in Table 1. His viewpoint, which has gained 
acceptance in England, is that the essential 
difference between the two groups of lesions 
is that the first has a bowel terminating 
above the levator ani, whereas the second 
has a bowel which passes through this 
important part of the sphincter mecha- 
nisn. The stenosed, covered, and ectopic 
anus lesions are anatomically low malfor- 
mations. 

Kjellberg, Ericsson, and Rudhe* state 
thet in their series two types can be dis- 
tinzuished. In the first (rectal atresia), the 
lumen is constricted or obliterated at the 
level of the second sacral segment and the 
vesical trigon. In the second (anal atresia), 
the occlusion is just proximal to the procto- 
deum. They hzve “not observed rectal or 
anal atresia сї any intermediate site," nor 
have they "found any definite support for 
this possibility in the literature." 

That these abnormalities are either high 
or low has been expressed also by 
Stephens.? He located the most proximal 
constriction az the pubococcygeal line, 
whereas Scott and Swenson used this line 
as the divisicn between high and low types 
of malformatien. Thev state that the line 
should be drawn between the lower border 
of the pubis and the sacrococcygeal junc- 
tion, and that this line indicates the posi- 
tion of the pelvic floor. 

Ladd and Gross consider lesions 1.5 cm. 
or more above the anal dimple as high and 
unsuitable for repair from below. [t is 
readily apparent that this matter is of some 
importance when one considers the fact 
that the surgical results are greatly in- 
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fluenced by the proper choice of operation. 
According to the various criteria outlined, 
if the dividing line is placed too high, sur- 
cery from below might be improperly at- 
tempted; if the line is placed too low, a 
more difficult operation with a rather high 
percentage of morbidity might unnecessar- 
ily result. 

Potts and co-workers" have stated: 
“Somehow or other the upside-down roent- 
genograms of an infant with atresia of the 
rectum, аз suggested by Wangensteen and 
Rice,? have impressed medical students." 
Other auchors^?!! decry the inaccuracy of 
roentgenologic methods and admit having 
been led astrav bv the inverted technique. 
Some authors have pointed out pitfalls to 
be considered.*5? These seem to be: 

т. The method is reliable in low lesions 
only if the sphincters present are relaxed. 

2, Meconium may be filling the distal 
portion of the blind segment so that the 
end of the gas column is not at the end of 
the bowel. 

3. The gas may not have had sufficient 
time to outline the lowest portion of the 
bowel if the roentgenograms are made too 
soon after birth. Making the roentgeno- 
crams twelve to twenty-four hours after 
birth wall usually overcome this objection. 

4. The type of marker and its placement 
may be improper. 

с. The roentgenographic enlargement 
and distertion may be significant. 

These objections could be negated par- 
tially er completely by modifications of 
technique. However, an appreciation of the 
malformations that will be found makes 
this unnecessary in most cases. If the lesion 
is recogmzed as one of the low types, the 
perineal anoplasty and pull-through opera- 
tion сап be expected to give a very high 
percentage of good results, provided there 
is no fistula into the urinary tract. If the 
lesion cannot be so identified or if there 1s a 
fistula in the upper vagina or urinary tract, 
the combined abdominoperineal operation 
offers the best chance of a good result." 
Thus, there is a roentgenologic problem 
only when no "fistula" or ectopic anus сап 
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TABLE I 


CLASSIFICATIONS OF ANORECTAL A NOMALIES MODIFIED FROM SCOTT AND SW ENSON!! 











Low Level 





Scott and Swenson!! | Lacd and Gross? 
Stenosed Anus Type I 
Covered Anus | Type III 


Penneal Fistula 





Ectopic Anus 


Perineal | Type III 
Vulval | Type III 
Male urethral | Type Ш 


Permeal Fistula 
Vacmal Fistula 





Congenital Cloaca Туре Ш 
Rectal Atresia Tvpe IV 











Imperforate Anus with: 
Rectourethral fistula 
Rectovesical fistula 
No fistula Type III 


High rectovaginal fistula 











be detected by phvsical examination and 
urinalysis. 


REPORT OF CASES 


Case 1 (DM). This male newborn was seen 
during the first twenty-four hours of life with an 
imperforate anus and an anterior perineal 
fistula. Roentgenograms made with the in. 
verted technique demonstrated the anal dimple 
to be 3 em. from the distal end of the rectal 
pouch. A barium enema study was performed 
through the "fistula" in the perineum. Fluoro- 
scopic spot roentgenograms (tube film distance 
[TFD] 20 inches) demonstrated a separation of 
2.8 cm. between the distal rectal pouch and the 
marker in the anal dimple. Using a 40 inch 
ТЕР, the distance was 2.4 cm. When the ТЕР 
was extended to 6 feet, a measured distance of 


Browne? 








(a) Imperfect anus 
(mild stenosis) 
(b) Micrescopic anus 
(extreme stenosis) 


Covered Anus 
(a) Covered female anus 
(b) Covered male anus 
(1) Blue line on perineum 
(2) Hypospadias or cleft of urethra or 
fistula of urethra 





Ectopic Anus 
Shotgun perineum 
Vaginal ectopic anus 
Male ectopic anus 








High Level 


Rectal Agenesis 
Often combined with a true fistula 





1.5 cm. was noted. A voiding cystegram was 
obtained to exclude the presence of a fistula 
between the urinary and intestinal tracts. 


Comment. The position of the ectopic 
anus in the perineum was readily visible. 
The recognition of the ectopic anus ог" 
“fistula” as such is sufficient to classify the 
malformation as a low type. Recognition of 
the lesion in this case, as in most others, 
would have completely eliminated the 
necessity for performing the barium enema 
examination, the cystography, or, for that 
matter, апу roentgenographic study for 
determining the surgical approach. 


Case п (RD). A male newborn was admitted 
on the day of birth with an imperforate anus 
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and no apparert fistula. Three separate urin- 
alvses showed no evidence of meconium or 
epithelial debris. Inverted roentgenograms 
demonstrated the opaque marker 4 cm. from 
the rectal pouch (Fig. 1). The marker, however, 
was not at the actual site of the anal dimple. 
The gas in the rectum extended below the 
pubococcygeal line. Air was present in the 
bladder, but was not recognized at the time by 
the attending or consulting physicians. 

A perineal anoplasty and pull-through opera- 
tion was performed. The operative report stated 
that a fistula was specifically searched for but 
not demonstratec. 

The patient cid well postoperatively and was 
discharged. Approximately two months later, 
he was re-admi-ted because of fecaluria of one 
day's duration. F.xcretory urography failed to 
demonstrate the fistulous connection. Dilata- 
tions of the rectum were performed, and the 
patient was discharged. He returned two 
months later wich a urinary tract infection 
which responded to treatment. At the age of 
eighteen months, following cystoscopy and 
demonstration of the fistula in the posterior 
urethra, surgical ccrrection was accomplished. 
The patient has dore well except for episodes of 
fecal impaction which have been treated symp- 
tomatically. 


Comment. The air in the bladder, al- 
though unrecognized, was present on roent- 
genograms made the first day of life. 
Appreciation of this finding would have 
established the diagnosis of a rectourinary 
fistula in spite of the presence of three nega- 
tive urinalyses and would have indicated 
the combined abdominoperineal operation." 
Had the pubococcygeal line! been used as a 
criterion for the surgical approach, it would 
have been misleading, because the air in the 
rectal pouch descended below this line by 
approximately 4 mm. 


Case п (RP). A male newborn with an 
imperforate arus had inverted roentgenograms 
which demonstrated a 2.5 cm. distance between 
the anal dimple and the rectal pouch. It was 
noted that the pouch descended below the 
mm. (Fig. 2). A trans- 
verse colostomy was performed on the second 
day of life. The incidental complication of hy- 
pertrophic pyleric stenosis was managed by a 
Ramstedt procedure at the age of four weeks, 
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Fic. 1. Case ir. Inverted roentgenogram demonstrat- 
mm. below the pubococ- 
cygeal ime. Arrow indicates air in bladder due toa 
rectourirzry fistula. The selection and placement 
of the marker 15 poor. 


ing gas in the rectum 3 


and the infant did well except for recurrent 
episodes cf upper urinary tract infection. Ат the 
age of eig "teen months, he was re-admitted for 
removal of calculi from the left kidney. А recto- 
urethral fistula was discovered during the 
abdomincperineal anoplasty and was repaired. 
The coləstomy was closed two months later. 
Follow-up. at the age of eight years demon- 
strated a severe degree of rectal incontinence 
and chronic pyelonephritis. 


Comment. This is one of 4 cases 1n our 
series of rectourethral fistulas treated by 
colostomy which had repeated upper uri- 
nary trac- infections, even though the distal 
colon wzs defunctionalized. In general, 
colostomy was performed on those patients 
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Fic. 2. Case ш. The air in the rectum descends 
3 mm. below the pubococcygeal line in this in. 
verted roentgenogram. 


with the more serious coexisting congenital 
anomalies, and the morbidity and mortality 
were high. 


Case 1v (JV). The Wangensteen-Rice roent- 
genograms on this newborn male demonstrated 
the air in the rectal pouch below the pubococ- 
cygeal line by g mm. (Fig. 3). A perineal 
anoplasty and pull-through procedure was per- 
formed with excellent results. 


Comment. Inasmuch as no fistula was 
ever demonstrated in this child, it is 
thought that this represented a case of 
unrecognized microscopic anus or covered 
anus. 

This is one of the situations in which we 
feel that the Wangensteen-Rice roentgeno- 
grams may be helpful; z.e., where no fistula 
Is detectable by clinical or laboratorv 
means, air well below the puboceccygeal 
line may suggest a low type lesion. Of 
course, recognition of a microscopic or 
covered anus? would have obviated the 
need for roentgenograms in this case also. 


Case v (BP). The inverted roentgenogram in 
this newborn male showed the air in the rectal 
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pouch within 4 mm. of the skin (Fig. 4). No 
fistula could be found, and the patient was 
operated on from below without complications. 
А good result was achieved. 


Comment. In this infant, there were 
anomalies of the lumbar spine and sacrum 
and fourteen pairs of ribs. This is one of the 
few cases in which there were anomalies of 
the vertebrae (sacrum and coccvx) which 
did not have serious complicating malfor- 
mations. The recognition of this case as a 
very low lesion allowed the simpler form of 
treatment. 


Case vi (GDB). This female newborn had an 
imperforate anus and slight abdom nal disten- 
tion at birth. She developed a lower abdominal 
mass within the first six hours. Physical exami- 
nation disclosed no anal orifice or urethra, but 
a small amount of urine was noted coming from 
the introitus. The child's condition was critical 
from the time of birth. 


Fic. 3. Case ту. Inverted roen tgenogram showing air 
in the rectal pouch ọ mm. below the pubococ- 
cygeal line, which is very suggestive of a low mal- 
formation. 


Irverted roentgenograms of the abdomen 
demonstrated a "rectal pouch" to be 2.5 cm. 
тот the anal dimple (Fig. 5, 7 and B). Within 
-he abdomen a gas and fluid-containing organ, 
which measured 5 cm. in diameter, was seen to 
extend across the abdomen and to occupy al- 
most the entire abdominal cavity. Partial 
agenesis of the sacrum, as well as a minor con- 
genital anomaly of 14-15 was evident. The 
study was interpreted as imperforate anus with 
»ossible volvulus of the sigmoid colon. 

Exploratory laparotomy at the age of two 
days revealed a larze mass arising from the pel- 
vis which was thought to be the bladder. A 
“eystostomy” yielded a large amount of urine. 
Because of the patient’s poor condition, a sig- 
moid colostomy was performed. The post- 
operative course was downhill leading to death 
at the age of nine davs. 

Necropsy revealed extreme stenosis of the 
vagina, a bifid uterus and vagina, opening of 
the urethra into the vagina, and a rectovaginal 
fistula. In essence, this was a "cloaca" with 
stenosis of the external opening. The “‘loop of 
bowel” seen on the original roentgenogram ac- 
tually represented a dilated “‘cloaca.”’ 


Comment. This is one of the rare situa- 
tions which may not be readily apparent 
after simple clinical and laboratory exami- 
nations. Only in тате situations such as this 
and rectal atresia (Type rv lesions), which 
few authors have encountered, do we feel 
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Fic. 4. Case т. Inverted roentgenogram showing air 
in the rectam 11 mm. below the pubococcygeal 
line and 4 mm. from the anal marker. This is 
definitel- а low lesion. Note the hypoplasia of the 
sacrum. 


that injection of contrast material may be 
of value in the definitive preoperative 
evaluaticn. 





Fic. 5, Case vi. Inverted roentgenograms of abdomen in latera. (4) and anteroposterior (B) projections 
demonstrating the large air-fluid containing cavity. This represents a dilated cloaca. Note the anomalies 
of the lumbosacral spine. 
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We encountered a case of jejunal atresia 
that had been misdiagnosed as imperforate 
anus Type iv. А plain roencgenogram 
should have been sufficient for the proper 
diagnosis. Ileal atresia or the meconium 
plug syndrome could more commonly give 
rise to confusion because of the difficulty of 
distinguishing between dilated loops of 
small bowel and colon on roentzenograms 
in the newborn period. Demonstration of a 
microcolon by barium enema would exclude 
a Type ту “imperforate anus” and clearly 
point to a small bowel obstruction or the 
much less likely possibility of total agangli- 
onosis of the colon. 


DISCUSSION 


We do not completely concur with the 
belief of Scott and Swenson" that rectal gas 
which extends below the pubococcygeal line 
Is necessarily indicative of a low level lesion. 
In 4 of our cases the "line" would have been 
misleading. The fact that the “line” is 
based on bony landmarks and the malfor- 
mations are chiefly in the soft tissues prob- 
ably invalidates it as an absolute criterion. 

Conversely, we have found that many 
lesions of the low type do not show gas 
below this line. The probable reasons for 
this are ascribed to the pitfalls mentioned 
above. We encountered no case in which the 
gas did not extend below the symphysis-S, 
line of Kjellberg, Ericsson, and R idhe.? We 
believe that such cases exist but are very 
uncommon. 

The discrepancies, when present, be- 
tween the surgical findings and the roent- 
genographic observations, in our series, 
were most frequently an overestimation of 
the distance between the rectal pouch and 
the exterior. Only once was the reverse 
situation encountered. Actuallv, the dis- 
tance itself 1s of little consequence in most 
cases. 

Most lesions can be accurately diagnosed 
by clinical observation alone within a few 
minutes after birth. Greater familiarity 
with the various malformations encoun- 
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tered would usually indicate the proper 
choice of treatment and result in decreased 
mortality and morbidity. 

In the female infant there is no need for 
inverted roentgenograms. Those with visi- 
ble fistulas are low type lesions. If no fistula 
can be seen, surgery from above is advisable 
because of the probabilitv of a high recto- 
vaginal or rectovesical fistula. 

In males, inverted roentgenograms can 
be helpful in some cases where there is no 
fistula (“anus” or hypospadias) determina- 
ble clinically or by urinalysis. First, the 
demonstration of air in the bladder, as in 
Case r1, indicating a lesion of the high tvpe, 
would lead to recognition and optimal 
treatment. Secondly, air extremely close to 
the perineum might suggest < very low 
lesion such as anal stenosis or covered anus 
and lead to its proper management (Cases 
Iv and v). If Type п lesions (Ladd and 
Gross) actually exist, they would likewise 
receive proper treatment on this basis. 

Frequently, the outcome of a zase will be 
determined by associated conditions such 
as prematurity and coexisting congenital 
anomalies. Tracheoesophageal fistulas, con- 
genital heart disease, atretic and stenotic 
small bowel lesions, urinary anomalies, 
musculoskeletal dysplasias, and central 
nervous system lesions may be as serious or 
more serious than the anorectal malforma- 
tion. 

The demonstration of associated congeni- 
tal anomalies may affect the choice of 
operative procedure and is one of the valid 
reasors for roentgenologic study. Several 
roentgenograms should suffice for this 
purpose and they need not be made with 
the infant inverted. 

Following surgery, excretory urography 
and voiding cystography are recommended 
to demonstrate congenital abnormalities of 
the urinary tract and such postsurgical 
complications as fistula or paralvsis of the 
bladder.’ More than one-third of our cases 
had associated urinary abnormalities, ei- 
ther congenital or acquired. 
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SUMMARY AND CONCLUSIONS 


Roentgenograms of the inverted infant 
are usuallv not necessary for determination 
cf the anomaly Of imperforate anus or its 
surgical treatment. The various lines and 
measurements mentioned in the literature 
have only very -ough “rule of thumb” sig- 
rificance and may be misleading. Preopera- 
tive contrast studies are rarely indicated. 


Oliver Winslow, M D. 
Variety Children’s Hespital 
125 Southwest 31st Street 


Miami 55, F lorc 
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CONGENITAL LYMPHANGIOMA* 


By P. E. RUSSO, M.D., and JAMES P. DEWAR, М.Р. 


OKLAHOMA CITY, OKLAHOMA 


(o ы lymphangioma is not a 
common disease. Most often it occurs 
in the neck and supraclavicular zrea and is 
referred to as cystic hygroma. Less often it 
develops in the axilla or medias-inum and 
rarely in the omentum and other parts of 
the bodv. Our reason for reporting this case 
IS because of the unusual size and location 
of the tumor. Its site was the lower portion 
of the abdomen with extensior into the 
upper thigh. 

Although surgical removal is considered 
the best form of treatment for this type of 
tumor, whenever complete surgical extir- 
pation is not possible or the tumor recurs 
or spreads, radiation therapy to control the 
tumor should be tried. 


REPORT OF A CASE 


This baby was seen on May 5, 1953 when she 
was seventeen months old. A large abdominal 
mass which extended into the thigh had been 
present since birth and had grown kirger with 
the growth of the child (Fig. 1). 

The child weighed 271 pounds aad was 21 
inches in height. She did not appear to be 
acutely ill and outside of the abdominal and in- 
guinal mass no other abnormalities were pres- 
ent. А large mass was located in the left lower 
abdomen and was more than I$ cm. in di 
ameter. [Е was soft and the overlyinz skin was 
discolored as if it had been recently bruised. A 
smaller mass which was delineated by the 
inguinal fold extended along the an-erior sur- 
face of the left leg. The labium majus on the 
left side was also involved. 

A few days after admission to the hospital 
surgical excision of both masses was performed. 
Because the tumor mass surrouaded the 
saphenous vein, this structure had to be ligated 
and severed at its insertion into the femoral 
vein. The tumor mass contained numerous sac- 
culations and cavernous sinuses which were 
mostly filled with lymph and a small amount of 
old blood. It was noted that there was extension 


of the tumor into the fascia of the external 
oblique muscle and the rectus sheath. As much 
of this tissue was removed as possible and the 
incision was closed by primary suture. 

The patient was re-admitted on November 9, 
1953 because of a cauliflower like zrowth 6x65 
cm. 1n size present in the inguinal area and ex- 
tending into the left labium majus (Fig. 2). A 
biopsy of this mass showed recurrent tumor. 
Surgical exploration and excision was at- 
tempted a few days later. At this time it was 
found that the mass involved all tke structures 
in the inguinal canal and penetrated deeply 
below the fascia of the muscles of the thigh. 
Upward exploration showed lymph sacculations 
extending as far as the subcostal margin on the 
left side. As much of the mass as possible, in- 
cluding the overlying skin, was removed and the 
defect covered with a large skin graft. 

Only a month later it became evident that 
recurrence of tumor was taking place about the 
scar and surrounding skin (Fig. 3). Biopsy 
again showed the same microscopic appearance 
(Fig. 4). 

Radiation therapy was considered for control 
of this tumor and was started on February r9, 


m 


» 





Fic. т. May 6, 1953. Photograph showing the size 
and location of the tumor. 


* From the Departments of Radiology and Pathelogy, Medical Center, University of Oklahoma, Oklahoma City, Cklahoma. 
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Fic. 2. June 15, 1953. Photograph showing recur- 
rence of tumor wizhin center and along scar mar- 
gins four weeks after first surgical excision. 


1954. Conventioral therapy, 200 kv. and 
Thoraeus filter with portals 15X15 cm. in size 
were used, two anterior and two posterior, 
delivering a total dose of 600 r measured in air 
in a period of eight days. A second series of 
roentgen treatments was given six weeks later, 
again each field receiving a dose of боо r. A third 
and Anal series of treatments was given only to 
the nguinal area six weeks later where there 
was still some clinical evidence of residual 
tumor. It was evident by this time that satis- 
factory response cf this tumor to irradiation had 
been accomplished (Fig. 5). 

Gross Pathology. The original specimen con- 
sisted of two ellipses of skin with underlying 
tissue connected together at a до degree angle. 
The ellipses of skin measured 11 X3.5 and 12X4 
cm. through the center point. In addition, two 
other pieces of skin and subcutaneous tissue 
measuring 11X4 cm. and 5 Х4 cm. were ex- 
amined. The various specimens measured up to 

cm. in thickness. The under side of these 
pedmens showec numerous cavernous spaces 
measuring up to 3 cm. in diameter lined by a 
shiny thin membrane. Those that were still in- 
tact contained a serosanguineous fluid. Mul- 
tiple sections revealed numerous small spaces 
lined by the same type of shiny membranes. 
Nore of these appeared to contain blood. The 
skin itself appeared uninvolved. Six and one 
half months later, another specimen consisting 
of a large sheet of skin and attached subcu- 
taneous adipose tissue and measuring 17.5 X14 
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Гіс. 3. february 17, 1954. Photograph showing re- 
currence o! tumor over entire skin graft and along 
the edges following a second attempt to remove it 
by radical surgery. 





Fic. 4. Photomicrograph showing histologic 
appearance of the tumor. 
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Fic. 5. December 6, 1954. Photograph showing con- 
trol of recurrence and spread of tumor ten months 
after radiation therapy. 


cm. was examined. At this time several lymph 
nodes were also present. In the сепгег of the 
specimen, numerous cyst-like structures were 
seen, similar to those noted in the previous 
specimen. Several nodular firm areas were noted 
which contained scar tissue. 

Microscopic Findings. The microscopic ap- 
pearance was similar in the original and subse- 
quent specimens. In both cases an intact surface 
epithelium and dermis were noted. The under- 
lying subcutaneous tissue contained small and 
large spaces, many of which were filled with a 
pale eosinophilic material. The linmg cells 
formed a single layer, and were flat and elon- 
gated. The surrounding tissue consisted of loose 
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fibrous connective tissue. Small anc large areas 
were noted. In several places foci of lympho- 
cytes were present. In general, the structure was 
well vascularized and several small and fairly 
large blood vessels were also seen. Figure 4 
shows a typical area. The lymph nodes showed a 
reactive lymphoid hyperplasia. The specimen 
included skin, subcutaneous tissue from the left 
lower quadrant, left thigh including the labium 
majus and left and right inguinal lymph nodes. 


COMMENT 


This case has now been followed for a 
period of over six years. Satisfactory con- 
trol of the tumor has been accomplished. 
The skin graft showed good tolerance to the 
‘adiation. In all other respects this child 
has shown normal growth and develop- 
ment. Recent roentgen studies of her skele- 
ton showed only a slight asymmetry be- 
tween the left and right innominate bones 
with slight underdevelopment of the left 
side. We were aware of the fact that radia- 
tion injury to the female reproductive 
organs could not be avoided; however, in 
this case we believe it was a life saving pro- 
cedure. Although radiation therapy is being 
used less and less in this era for benign 
conditions, in this particular case the re- 
sults were most gratifying. 


Р. E. Russo, M.D. 
1200 Nerth Walker 
Oklahoma City, Oklahoma 


We wish to thank Dr. J. К. Riggall for his in- 
terest and his help in following this case for 
these many years. 
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LYMPHOSARCOMA IN CEILDHOOD* 


Ву HAROLD W. DARGEO*, ALD. 


NEW YORK, NEW YORK 


HE pessimism regarding the prognosis 

of many malignant tumors of child- 
hood has diminished considerably in the 
last ten vears. Lymphosarcoma, however, 
perhaps because of the apparent relation- 
ship with some leukemias, is still often 
erroneously accorded the same hopeless 
prognosis of leukemia. There are increasing 
numbers of references in the literature’ 
attesting ro long survivals of children suf- 
fering from lymphosarcoma, and the Me- 
morial Hospital experience also demon- 
strates that all such patients should not 


be dismissed as incurable. 


MATERIAL 


The present series of 75 cases includes 
children admitted to the Pediatric Service 
of Memorial Hospital between 1926 and 
1959, some of whom have been previously 
reported, as well as some of those seen in 
the author’s practice. 

There were 57 males and 18 females, a 
ratio of 3:1. The ages ranged from one year 
to fourteen vears. There were 41 cases ot 
lymphocytic lymphosarcoma, 31 instances 
of reticulum cell sarcoma, and 3 of follicular 
lymphosarcoma (Fig. 1). 


CLINICAL SITES AND SYMPTOMS 


The most frequent initial clinical site, by 
a considerable margin, was in the abdomen 
and retroperitoneal region (Fig. 2). Pain 
(25 cases) and swelling or tumefaction (29 
cases) were the most common presenting 
symptoms. Complaints of asthenia, weight 
loss, fever, and anemia were quite rare 
during the course of the disease in most of 
the children. Symptoms referable to the 
respiratory and gastrointestinal tracts were 
also rather uncommon considering the rela- 
tive frequency of involvement of these 
systems. 
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lic. 1. Distribution of 75 cases of lymphosarcoma 


by age, sex and histologic type. 


THERAPY AND RESULTS 


Surgery alone was used in 8 patients, 
surgery aid roentgen therapy in 8, and 
roentgen -herapy alone in 21. The follow- 
ing forms of chemotherapy were utilized: 
methotrezate in 22, meticorten in 8, nitro- 
gen mustard in 8, actinomvcins in 3, 6- 
mercaptopurine in 2, and Coley's toxins in 
4. Chemctherapy was also given in con- 
junction with or following conventional 
therapy im a total of 38 of the children. 

There zre 21 survivors among these 75 
patients, 15 of whom are living over five 
vears s псе onset of the disease. Five of 
these children are living over ten years, 2 
over fifteen years, and 1 of them more than 
twenty years without evidence of disease. 
Three of the 15 children had follicular 
lymphesa-coma, 6 reticulum cell sarcoma, 


* From the Department of Pediatrics, the Medical Neoplasia Service, the Deparment of Medicine, and the Bone Service, Memorial 


Hospital for Cancer and Allied Diseases. Presented in part at the Forty-second 


San Juan, Puerto Rieo, March 17-19, 1960. 
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15 LYMPHOSARCOMA CASES SURVIVING OVER FIVE YEARS 
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| | Onset of | 
. Symptoms 
| | >i 
Case Sex | Age iria Prior to 
У a . 
Admission 
(mo.) | 
I W.B.*| M 14 1937 | 8 
| 
1 А.А.* l 12 1940 4 | 
¢ J.M.1 M 3 1946 3 
4 E | 13 1943 2 
ы | 
с 2.9. T | ^ 1948 3 
6 S.B. M 13 | 1950 І 
— ——— ве | | Е 
КЭ." М 12 190$1 24 
EGGS M 1 | 1951 І 
9 АН? F 10 1952 72 | 
ilo DE? M 14 1953 3 
| 
BEA M ГІ 1953 3 
19 R. [бы M 6 1943 8 
1954 
13 S.H. M 3 1954 2 
— — — — 
14 Кї | M 8 1954 2 
Ir L.S. M 11 1954 3 

































































` | T E 
i ia Follow- | No Evidence 
Site | Treatment nen 
| up of Disease 
Date (yr.) 
scapula | Colev's toxins, $/49 21 
roentgen therapy 
| bilateral cervical surgery, 1/60 19) 
| roentgen therapv 
| right parotid Colev's toxins, 1/60 13 
roentgen therapv 
fibula surgery, 3/56 13 
roentgen therapv 
cervical and surgery, 1 6с 11 
uterus roentgen therapy 
— | В B | -r —— 
axillary and inguinal | surgerv 1 /бо 10 
cervical and axillary | rcentgen therapy | 8/57 9 
cervical surgery 7/9 8 
tonsi's | roentgen therapy | 2 6o 7 
humerus | nitrogen mustard, | 1 бо 7 
roentgen therapy | 
femur | Colev's toxins, 1,60 6 
nitregen mustard, | 
roentgen therapy 
| 
cervical roentgen therapy, | 1/60 6 
methotrexate 
nasopharynx roentgen therapy, | 1/60 5 
methotrexate 
inguinal roentgen therapy, | 1,60 $ 
methotrexate 
cervical | surgery, 1/60 $ 
meticorten, 
| methotrexate 





* Reported previously by Rosenberg, Diamond, Dargeon, and Craver.* 
T Reported previously by the present author? 


and 6 lymphocytic lymphosarcoma (Table 
г). Of the other 6 patients, 5 are living be- 
tween three and five years from the onset of 
their illnesses, but 2 have shown moderate 
activitv of the disease at intervals. Of the 
15 children surviving over five vears, 6 
received chemotherapy and 3 had Coley's 


toxins as well as surgery or irradiation. 


In addition to these 75 patients whose 
intitial and present diagnosis is 1l: mpho- 


other children 


sarcoma, 


there were 


2I 





admitted whose primary diagnosis was 
lymphosarcoma, but who subsequently 
developed leukemia (Table 11). In all but 1 
this complication occurred less than twenty 
months following the initial lymphosar- 
coma diagnosis. In this case, the lympho- 
sarcoma was never quiescent for more than 


a few weeks during a period of four years 


fore death. 


and the leukemia developed two weeks be- 


It has been recognized and previously 
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Maxilla 1 Parotid 1 
; ——————Р!агупх 6 
tont 1 — — Mandible 2 
Multiple sites 7 Z ~~~ Cervical nodes 8 
| Neck (soft parts) 6 
Scapula2— — 


~ 


Mediastinum (and thoracic) 8 


aa nodes 1 


, Abdomen and retroperitoneal 19 
M aene Pt Ileum 
песка 12 


Cecal 

Jejunum 1 
"Intestinal" 2 
Intraabdominal 1 
Retroperitoneal 2 
Spleen 1 


Thoracic wall 1———————77 


Humerus 1 


Inguinal nodes it 15 
Prostate 1 


Pubis 1 





Femur 4 —— — —-. 


Tibia 15— 
Fibula 1 





Fic. 2. Distribution of the presenting clinical sites 
in 75 cases of lymphosarcoma. 


acknowledged that the introduction of 
another therapeutic modality, the action of 
which in any specific case cannot be deter- 
mined exactly, denies appraisal of the nat- 
ural history of the disease and the effects 
produced by erther surgery or irradiation, 
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alone or ir combination. The serious nature 
of this disease, however, from a clinician's 
standpomr, appeared to warrant an at- 
tempt to improve the prognosis by using 
the compounds which are known to pro- 
duce at least temporary regression in some 
lymphosa-comas as well as the frequent 
concom tant or complication of the di- 
sease; namely, leukemia. 

From 1926 to 1951, 5 patients were so 
treated. Three received nitrogen mustard 
but hac ttal terminations. Two received 
Coley’s texins in addition to conventional 
therapy; one of them is a thirteen year and 
the other a twenty-one year survivor. 

In the 1951 to 1959 group, 38 children 
have recaved different chemotherapeutic 
agents as well as roentgen therapy and 
surgery. These patients were unselected. 
Many had widespread disease when 
referrec to Memorial Hospital and were in 
an actual or quasi-terminal state. Twenty- 
four have expired, 5 of whom developed 
leukem а from one to nine months after 
the initia! diagnosis of lymphosarcoma was 
made. Feurteen are living, all over two 
years. None of these children show leu- 
kemia, but 2 of them, as mentioned above, 
have occasional signs of activity of their 
lymphcsarcomas. 

Our current plan 1s to administer nitro- 
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Bey A tom to | to evidence | onset of first 
Sex No. | Age No. Initial clin- ГО. Initial No. diagnosis |of leukemia symptom 
| (vr) ical site symptom m | І 
| Хо. mo. No. mo. No. 
M 16 | «i 2 cervical б | swelling 15 4 «1 I I | 
g $ | 2 2 inguinal 2 | pain 4 8 | 2 2 | 
| 3 3 scalp 1 | cough {| « 2 2 4 % 
| 4 2 mediastinum 6 | dysphagia 1 2 2 3 5 3 
| 5 2 parotid к 2 4 4 b 3 
б 4 mandible 3 | І 5 2 7 2 
7 | scapula | б з | 8 2 
S 2 testis | 8 2 9 2 
9 I 9 I IO I 
Io 2 4% | 11 2. 
I9 I 
48 I 
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gen mustard (0.4 mg./kg.) as sooa as the 
child's condition permits following the 
definitive therapy, whether it be surgerv, 
irradiation or both. This interval may be a 
day or several weeks. 


Subsequent to the administration of 


nitrogen mustard, the patient is « bserved 
for hematopoietic depression. Usually be- 
tween two and six weeks elapse, after which 
methotrexate (0.625 mg. to 2.5 mg.) Is 
begun. The dose is regulated to keep the 
hemoglobin above 9.0 gm. per cent and the 
total leukocyte count at 4,000-6,200 per 
mm?. 

The drug is given daily for not less than 
one year. If, at this time, there is no evi- 
dence of disease, the drug is given in cycles 
of three weeks on and one week off.* The 
periods of “off therapy" have been grad- 
ually extended, but an attempt is made to 
maintain most of the children on this rou- 
tine for three years. 

Obviously, it would be incorrect at this 
time to assume that the usual medalities 
of surgery and roentgen therapy need апу 
supplementary assistance from chemo- 
therapeutic agents. However, this pro- 
cedure has been presented because the 
numerical limitations in the exper ence of 
any single institution will necessarily pre- 
clude a statistically accurate appraisal of 
its value for a considerable period of time. 
[t is our intention to continue to explore 
this method and we hope that we have an 

* The cyclic program was developed because we have found, in 
treating some children suffering from disseminated rc-iculoendo- 
theliosis, that prolonged antifolic therapy, if given in such cycles, 


controlled the disease in many instances but did not produce drug 
toxicity or discernible clinical defects. 
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opportunity of exchanging experiences with 
others who may also try it. 


SUMMARY 


A series of 75 children with lympho- 
sarcoma and 21 additional juvenile patients 
with a primary diagnosis of lymphosar- 
coma and the later development of leu- 
kemia in the course of their illness is re- 
viewed. 

The survival rate (15 living over five 
vears) emphasizes the previously known 
fact that this is not only not an ncurable 
disease in the voung but that it actuallv 
has a better prognosis than manv other 
cancers. 

The results obtained with the use of 
chemotherapeutic agents, supplementing 
surgery and irradiation, are described. It 
is believed that encouragement for further 
studv of this method of management has 
been demonstrated. 


Memorial Center for Cancer and Allied Diseases 
444 East 68th Street 
New York 21, New York 
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NEUROBLASTOMA: REVIEW OF TWENTY-EIGHT 
CASES AND PRESENTATION OF TWO CASES 
WITH METASTASES AND LONG SURVIVAL* 


By RICHARD L. KING, M.D., JOHN P. STORAASLI, M р, and ROBERT P. BOLANDE, M.D. 


CLEVELAND, OHIO 


EUROBLASTOMA in children pre- 
sents a most interesting and unpre- 
dictable disease. It can have all the ac- 
cepted criteria of a malignant tumor, 
namely, cellular proliferation, invasiveness, 
and metastases, producing ultimate death, 
yet there are reports of spontaneous 
Сев, ЫЫ 
A great deal has been written on this 
subject during the past eight decades. 
Virchow,” who first recognized the neural 
origin of neuroblastomas in 1864, referred 
to it as a glioma. For several decades after 
that, these tumors were called sarcomas or 
Ivmphosarcomas. In 1891, Marchand?" 
described the similaritv of the tumor cells 
to those in the developing central nervous 
system of embryos. Pepper (1901)? re- 
ported 6 cases of "congenital sarcoma of the 
suprarenal gland” with metastases to the 
liver (Pepper type). Hutchinson (1907)? 
reported 10 cases with metastatic disease to 
the skull and orbit (Hutchinson туре). 
Wright (1910)** presented a classic paper in 
which he confirmed the similarity of the 
rosettes and fibril bundles to those in em- 
brvonal adrenal and sympathetic ganglia. 
He suggested the term neuroblastoma. 
Herxheimer (1914)? demonstrated that the 
fibrils were primitive nerve fibers and arose 
from the cells of the tumor (neuroblasts). 
Prior to 1930 there were sporadic reports 
of cures, but, in general, the tumor was con- 
sidered to be almost alwavs fatal. Since 
then, the reported cure rate has risen sub- 
stantially with the use of surgery and 
radiation therapy. We would like to report 
our experience with 28 cases of neuroblas- 
toma and present 2 cases with extensive 
metastatic disease and long term survival. 


HISTOPATHOLOGY 

The neuroblastoma is a typical example 
of a mal:gnant embrvoma, which implies 
that the гитог arises as a result of malde- 
velopmert or dysontogenesis of embryonal 
neurob asts derived from the primitive 
neural crest ectoderm. This embryonal 
tissue normally differentiates into the 
spinal and sympathetic ganglia as well as 
the chromathn tissue of the adrenal medul- 
lae and periaortic bodies of Zuckerkandl. 
Dvson-ogenesis of this tissue may be manı- 
fested as а disturbance in the normal rate of 
maturation or differentiation of the primi- 
tive neuroblasts, with subsequent over- 
growth cf these cellular elements into a 
tumor mass. If these tumors are the result 
of dyson ogenesis, it is not known whether 
the tumor cells аге essentially normal 
neuroblasts which have failed to properly 
different ate, or whether these cells have 
undergor e a malignant transformation. 

The neuroblastoma tumors vary consid- 
erably m their histologic appearance de- 
pendirg upon the relative degree of matu- 
ration attained by the constituent neuro- 
blasts. On this basis, arbitrary separation 
into morphologic types is undertaken, and 
this has been done in this study. 

Syapethicoblastoma. This 15 the most 
primitive form and is composed of fairly 
uniform sheets or perivascular masses of 
primitive neuroblasts (Fig. 1). Rosette or 
pseuderesette formation is not prominent, 
and neurofibrillary processes associated 
with the cells are barely, if at all, discern- 
ible. 

NeurDlastoma sympatheticum. When a 
somewhat greater degree of differentiation 
is preser t, the picture of the classic neuro- 


* From the Departments of Radiology and Pathology, Western Reserve Umvessity School of Medicine and University Hospitals of 


Cleveland, Cleveland, Ohio. 
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Fic. т. Sympathicoblastoma. This microscopic section (H&E stain) shows numerous small sympathicoblasts 
supported by a delicate fibrovascular stroma. Neurofibril and rosette formation are not prominent. 







blastoma sympatheticum is enccuntered Ganglioneuroblastoma. This term is used 
(Fig. 2). Cytologically, this lesion is similar to describe the lesion in which more ad- 
to the sympathicoblastoma, but definite vanced maturation has occurred (Fig. 23). 
eosinophilic, neurofibrillary processes are Neurofibril formation may be very abun- 
seen in relation to the cells, and character- dant. Large neurofibrillary lakes are com- 
istic rosette or pseudorosette formation is monly seen bordered by septa of neuroid 
present to a variable extent. The rosette is connective tissue. In and around the neuro- 
characterized by a peripheral ring of neuro- fibrillary foci are variable numbers of 
blastic cells with a central core of eosi- neuroblasts, similar to the cells seen in less 
nophilic neurofibrillary processes. mature lesions (Fig. 4). It is possible to see 





тс. 2, Neuroblastoma. Photomicrograph (H&E stain) showing fairly typical neuroblastoma. The embryonal 
neuroblasts pallisade around masses of neurofibrillary processes to form rosettes or pseudorosettes, The 
cells tend to be slightly larger than in the sympathicoblastoma. 
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Fic. 3. Ganglioneuroblastoma. This photomicrograph (H&E stain) shows within areas of dense neurofibril 
formation, cluste-s of cells varying from the primitive sympathicoblast to virtually mature ganglion cell. 


areas within this tumor which are morpho- Comple-ev mature ganglioneuromas have 
logically indistinguishable from ganglio- not been included in this study. 
neuroma in wh. ch mature ganglionic cells 
are embedded within a neuroid connective 
tissue stroma (Fig. 5). The foci of immature The-e tave been 28 cases of neuroblas- 
neuroblasts exclude this diagnosis. toma seer at University Hospitals of 
It is obvious that no sharp divisions аге Cleveliad since 1942. Surgical specimens of 
present between these morphologic cate- all of -he cases were reviewed and the 
gories. A continuous spectrum of neuronal diagncsis verified. If confirmation of the 
maturation is apparent from the sym- diagnoss was not possible, as may occur 
pathicoblastoma to the ganglioneuroma. when Ewing's tumor or other small cell 


CLINICAL MATERIAL 





Fic, 4. Ganglioaeuroblastoma. Photomicrograph (H&E stain; of an area of a ganglioneuroblastoma which 
has а greater preponderance of more mature ganglion cells, These cells, none the less, are dysplastic, and 
show evidence ef mitotic activity. 
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lic. 5. Ganglioneuroblastoma. Photomicregraph (H&E stain) of an area from the ganglionevroblastoma 


depicted in Figures 3 


and 4 which is incistinguishable from a mature ganglioneuroma. The ganglion cells 


are mature and quiescent, and are embeded in a neurofibroma.like stroma. 


sarcomas exist as possibilities, the cases 
were discarded. Definite follow-up was 
obtained on all of the patients (Table 1). 

There were 13 males and 15 females in 
the series. The age distribution at che time 


AGE DISTRIBUTION SITES OF ORIGIN 
LL] CERVICAL 


MEDIASTINZL 
| 2 |6MO-IYR. 


ABDOMEN (^1 
UNKNOWN 


NO. PATIENTS B NO. PATIENTS 


DISTRIBUTION BY HISTOLOGY PRESENTING CONFPLAINTS 


| — 6 ]PALF&CBLE MASS 
| 5  |METASTASES 


GANGLIONEUROBL ASTOMA 


NEUROBLASTOMA | 4  JNEUROLO3ICAL 


SYMPATHICOBLASTOMA | 4  JANOREXIZ 


5 [е 
NO. PATIENTS 


D NO. PATIENTS 





l'1G. 6. Chart demonstrating the distribution of pa- 
tients according to: (4) age, (B) sites of origin, 
(C) histology, and (D) presenting complaints, 


of diagnosis ranged from newborn to four 
and one half vears (Fig. 6.7). Five of the 
patients were in the newborn period (birth 
to one month), 3 having had the disease at 
the time of birth. Two had metastatic nod- 
ules involving the skin, and 1 had a left 
abdominal mass palpated at birth. 

The sites of origin could be determined 
with certainty in only 23 of the 28 patients 
(Fig. 68). In the 5 of unknown site, 3 arose 
in the abdomen in close proximitv to the 
adrenal gland, but it could not be deter- 
mined whether they arose from the adrenal 
gland or the paralumbar sympathetic 
chain. Primary sites in the abdominal 
retroperitoneal sympathetic chain or the 
adrenal gland were noted in 20 of the 28 
patients (72 per cent). 

The diagnosis in each case was made bv 
biopsy of either the primary tumor or a 
metastatic lesion. Classification into the 
three histologic types was: gang ioneuro- 
blastoma 6, neuroblastoma 13, and sym- 
pathicoblastoma 9 (Fig. 6C). Bone marrow 
aspirations were done on то patients, of 
which 5 revealed abnormal cells. 

The presenting complaints of the chil 
dren are tabulated in Figure 6D. The dis- 
ease often presented in such a way that the 
patients were treated for other illnesses 
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TABLE I 


CLINICAL FEATURES OF 28 PATIENTS WITH NEUROBLASTOMA 



































И Bone Radi- Present Status 
Pa- œo Primary His- А | 
i Sex Age eo Marrow Surgery ation Metastases 
ee me tology Examination Dose tf Living Dead Survival 
SM F 17 mo. adrenal G partial extir- 3,700 * skull, tibia, ulna T 6 yr. 
pation 
WT M 4 mo. adrenal N +(?)  partialextir- попе skull, long bones, + 4 da. 
pation skin 
RW F newborn adrenal N partial extir- 3,040 + 6 mo. 
pation 
LH F 42 УТ adrenal N = partial extir- 4,080 skull, long bones, = 5 3 то. 
pation mediastinum 
MB F 4 уг. adrenal N biopsy nonc skull, long bones, + 2 mo. 
orbit 
RB F 4} yr. adrenal S + biopsy 2,075 - skull, long bones, T 5 mo. 
skin 
ГІ М 4 уг adrenal У biopsy none long bone + 4 mo. 
AC M I vr adrenal 5 partial extir- 3,230 - liver + 2 mo. 
pation 
RD M 13 yr. adrenal S partial extir- 2,1сот skull, liver, + I mo. 
pation mediastinum 
AJ M 4% yr adrenal N + biopsy 3,5co@ — skull, long bone, + бото 
skin 
DV M newborn cervical N partial extir- 1,750" subcutaneous thigh + 2 yr 
pation 
15 М 5 mo. mediastinal М partial extir- 2, ,gooer + 13 yr 
pation 
BB F < mo. mediastinal N biopsy 4,500T T 13 yr 
AN F 3yr. mediastinal G partial extir- 2,gocr + IO yr 
pation 
DH Е 14 mo. lumbar G negative partial extir- 2,босг + I yr 
pation 
TF M 43 yr. lumbar G partial extir- 2,30cr + I vr 
pation 
ED F 15 то. lumbar М biopsy 2,64c г + 8 уг 
CE M г vr. — lumbar S negative partial extir- 2,goc r pelvic lymph + 4 yr 
pation nodes 
SM I 15 mo. lumbar N partial extir- — 3,43c г T 3 yr. 
pation 
MS Is 16 то. lumbar G biopsy ),90€ f T 2 yr 
FG F 3yr. lumbar S biopsy 2,1бс г mediastinum + 17 yr 
RD M newborn pelvic N partial extir- — 3.79« F 4 yr 
pation 
PM M 15 mo. pelvic Gz partialextir- 1,74>r + IO yr 
pation 
MD | newborn unknown N + biopsy 1.13% в orbit, long bone, + I mo 
skin 
LB NI 3yr. unknown N negative biopsy none orbit, skull, long + $ mo. 
bone, liver 
RE F I$ vr. unknown S biopsy 2,645r skull + 3 mo. 
SH F 21 mo. unknown S negative partial extir-  1,:0-r skull, lung, long + I mo. 
pation bone 
Di M newborn unknown 5 negative biopsy none skin, liver + 8 yr. 





* G= ganglioneurob astoma. 
N= neuroblastom:. 
S=sympathicoblastema. 





T This represents only radiation to the presumed primary site. Radiation deses to metastatic lesions are not recorded. 


such as acute rheumatic fever, upper 
respiratory and gastrointestinal infections, 
or orthopedic problems. Four presented 
with neurologic abnormalities: 1 with 
Horner's syndrome, 1 with blindness, and 2 
with spinal cord compression. 


Metastatic disease was present in 9 cases 
when first seen. Metastases developed 
during treatment in 7 other patients. The 
distribition of metastases was as follows: 
bone тт, liver 4, skin 4, mediastinal lymph 
nodes 3, meninges 2, and lung 1. 


ROENTGEN FINDINGS 


Roentgenologic examination is undoubt- 
edly the most useful diagnostic aid.!9?* Of 
the 20 cases with abdominal tumors, 19 had 
Intravenous urography performed. The 
urograms were abnormal in r3 cases. 
Suprarenal tumors usually depressed the 
kidney down, anteriorly or laterally. There 
was minimal distortion of the calyceal 
system, in contradistinction to Wilms's 
tumors. The remaining paravertebral tu- 
mors deviated the ureters medially and 
anteriorly. Calcification in the tumor was 
seen in 7 cases (25 per cent). It tended to be 
rather dense and flocculent. No caleification 
was seen in metastatic lesions or tumors 
outside of the abdomen. It is of interest 
that, in every case with calcium present, 
there was always residual calcium present 
after surgery, implying incomplete removal 
of the tumor. 


TREATMENT 

The preferred treatment of neuroblas- 
toma is a combination of complete surgical 
removal of the tumor followed by radiation 
therapy to the tumor bed. The primary 
tumor often involved great vessels, major 
nerves, regional lymph nodes, adjacent 
viscera and vertebral bodies. Thus, in none 
of our cases was complete surgical removal 
possible. Extensive surgical measures to 
remove all of the tumor are not irdicated 
unless all of the neoplasm can be extirpated 
without serious damage to abdominal 
viscera. Partial excision of the tumor was 
performed in 16 cases, while biopsy only 
was performed in 12 cases. At surgery, 
metal clips were used to outline the extent 
of the tumor. This procedure facilitated 
positioning the radiation fields. 

Twentv-three of the 28 cases received 
radiation therapy to the primary tumor 
site, instituted as soon as possible atter sur- 
gery. The radiation was delivered through 
opposing ports with daily doses of 200 to 
300 г to alternate fields large encugh to 
include all known tumor. A total absorbed 
dose of 3,000 to 3,500 rad was usually given 
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in a single course requiring about four 
weeks. The contemplated dose was not 
achieved in several patients because of 
marked hematopoietic depression, debilita- 
tion, or death of the patient. Occasionally, a 
higher tumor dose was delivered when the 
anticipated response was not apparent. Al- 
though supervoltage radiation is available, 
it has not been necessary to emplov this 
modalitv routinely, since these tamors are 
sensitive to moderate doses of radiation. 

Irradiation of metastatic lesions will 
attord temporary palliation. The objective 
is to control the size of the metastatic le- 
sions, thus relieving secondary pressure 
effects, deformity, and pain. Moderate 
doses, on the order of 1,000 to 1,500 rad, 
have been satisfactory. Although we have 
had no experience with irradiation of 
hepatic metastases, Farber eż al!” report 
excellent results with a 66 per cent survival 
rate. 

RESULTS 

Neuroblastoma presents a difficult nat- 
ural history to evaluate. There are reports 
in the literature of death ten to fifteen 
years after the initial therapy and pre- 
sumed cure, but this is unusual. In this 
series, all of the deaths occurred within six 
months of diagnosis. Farber eż al!” report 
that 99 per cent of the deaths in their 
series occurred within two vears of diag- 
nosis. It would seem reasonable, therefore, 
to report our results in terms of two year 
survivals. 

There are 1 5 patients living one to seven- 
teen vears after diagnosis, an ove--all sur- 
vival rate of 54 per cent. Twenty-six of the: 
patients have been followed two years or 
longer, and the survival rate is £o рег cent. 
These figures compare favorably w.th those 
found in the literature (Table п). 

Survival can be correlated with site of 
origin, age, histologic tvpe, the presence or 
absence of metastases, and the tvpe of 
therapy. T'wo patients who have not been 
followed two vears will be included, since 
both had ganglioneuroblastomas and are 
free of disease at the present time (surviv- 
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Tanrr II 
SURVIVAL NOTES COMPARED WITH THOSE IN THE LITERATURE 
г No. of Nc. of 
Author Year m eigen: Per Cent Duration 
Patients Suruvals 

Beck and Howard? 1951 475 47 IO ? 
Snyder et a7.?? 1951 2 3 12.4 3 УГ. 
Oberxircher e al.” 1953 20 2 10 5 and 15 yr. 
Seaman and Eagletcn? 1953 I9 "S 26 3 yr. 
Charache! 1954 10 2 20 g and 12 yr. 
Uhlmann and von Fssen*! 1955 20 7 3 2 yr. 

Koop et a/.? 1955 39 12 31 I4 mo. 
Reiquam eż al.” 1956 18 5 28 14 mo. 
Ware 1956 80 Fi 9 I yr. 
Stowens™ | 1957 IOS 14 13 Jud ic 
Knox and Pillers'® 1958 126 14 ГІ 2 уг. 

y ja]! | 9 à | Кре 
Farber e£ a/.!? 1959 170 43 25 2 ут. 
Dargeon* 1960 108 15 13 5 yr. 
Present Authors 1960 26 3 50 2 yr. 

Totals 1,240 ЕЗ0 IS 








ing fifteen months and sixteen months, 
respectivelv). Based on past experience, 
these patients have a good prognosis. 


Site of origin. There were 10 cases of 


tumors proved to be of adrenal gland origin. 
Of these, only 1 aas survived (то per cent). 
There were 13 of definite extra-adrenal 


origin, all of whom have survived. Onlv t of 


the 5 patients whose primary site remained 
unknown has su-vived two vears. 

Age. There did not seem to be апу corre- 
lation of survival with age. Others have 
reported a better prognosis for the vounger 
patients.!° There were то patients under 
the age of one vear, 6 of whom have sur- 
vived (60 per cert). Those patients over one 
year of age totalled 18, with survival of 9 
(sO per cent). 

Metastases. I£ metastatic disease was 
present at the time of diagnosis, only 1 out 
of g survived (11 per cent). If no metastatic 
disease was present initially, 15 out of 19 
survived (74 per cent). Of this latter group, 
7 developed metastases later, with survival 
in 4 (57 per cent). Thus, the survival in the 
presence of metzstatic disease was 5/16 (3 


per cent) compared to a survival rate of 


gO per cent (11/12) in those without met- 
astatic disease. The 1 death in the group 








without metastases was primarily a surgical 
death (remal vein thrombosis). 

Type oi therapy. Correlated survival 
results аге as follows: (1) biopsy only: there 
were 4 in this group, 1 of whom survived 
(25 per cent); (2) biopsy plus radiation 
therapy: there were 8 patients in this group, 
of whom 3 have survived (38 per cent); (3) 
partial excision plus radiation therapy: 
there were 1 patients treated in this man- 
ner with survivals in 11 (73 per cent). 

There were no instances of complete 
removal of the tumor surgically. There was 
I instance of partial excision without radia- 
tion therapy. However, the patient expired 
before radmtion therapy was instituted. 

These data are summarized in Table ш. 
Since this series is composed of a rather 
small number of patients, conclusions of 
statistical significance may not be drawn, 
but trends in a particular direction may be 


indicated. 


REPORT OF CASES 


Case 1. S.M., a seventeen month old white 
female, was first admitted to University Hos- 
pitals on November 30, 1953 with a mass in the 
right side cf the abdomen extending from the 
costal marzin to the iliac crest. Roentgeno- 
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TABLE III 


SURVIVAL RELATED TO VARIOUS PARAMETERS 




















Survivals 
Tota! = 
t. er 
No. 
cent 
Age Under one year IO 6 бо 
Over one vear 18 9 бо 
Site of Adrenal 10 I 10 
Origin Extra-adrenal I3 13 IOO 
Unknown 5 I 20 
Histologic Ganglioneuroblastoma 6 6 тоо 
Type Neuroblastoma 13 6 46 
Sympathicoblastoma 9 a y 
Metastases Present at diagnosis 9 гт 
Present later 7 4 $7 
Total with metastatic 
disease 16 $ 3I 
No metastatic disease 12 11 оо 
Type of Biopsy only 4 г -3 
Therapy Biopsy plus radiation М 3 38 
Partial excision plus 
radiation 15 LI 73 
| о о 


Partial excision only 








graphic studies of the chest and long bones were 
negative. Urinary tract roentgen studies de- 
monstrated a right suprarenal soft tissue mass 
containing calcium (Fig. 7, 4 and B). On 
December 2, 1953 an exploratory laparotomy 
revealed a 12X12 cm. tumor occupying the 
entire right flank. The regional lymph nodes 
about the aorta and along the root of the 
mesentery were involved. Partial resection of 
the tumor was performed and microscopic 
examination revealed a ganglioneuroblastoma 
of the right adrenal gland. 

The patient was given radiation therapy to 
the right upper abdomen through alternating 
anterior and posterior ports with 250 r (air) 
daily at 50 cm. focal skin distance, 220 kv., and 
о.5 mm. Cu and 1.0 mm. Al filtration. A central 
tissue dose (CTD) of 3,700 r was given with- 
out complication except for a mild scoliosis sub- 
sequently (Fig. 7, C and D). 

On January 29, 1954 metastatic lesions were 
noted in the right frontoparietal region (Fig. 8, 
А and B). On February 27, 1954 another area of 
metastatic disease was found in the right tibia 
(Fig. 9 4). Two bone marrow aspirations were 
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negative. Radiation therapy was given to the 
skull and tibia with 2,400 г (air) and 200 r (air), 
respectively. The patient did well until early 
1955 when she developed anorexia and weight 
loss. А metastatic lesion was noted in the left 
ulna on January 20, 1955 (Fig. 104) which, on 
biopsy, proved to be tumor. However, there 
was more fibrosis and the lesion was less cellular 
and more differentiated than the original biopsy 
specimen, Radiation therapy was given to the 
ulna totaling 1,200 r (air). 

The patient was last seen in December, 1959. 
She has done very well with no evidence of 
recurrence (Fig. 7, C and D; 8, C and D; 9, С 
and D; and тод). 


Case п. D.H., a three day old white male, 
was admitted to the hospital with an enlarged 
liver and spleen. A nodular mass was felt in the 
skin overlying the right scapula, and another 
smaller mass over the right anterior chest. The 
liver was enlarged 4 cm. and the spleen 5 ст. 
below the costal margin. On August 23, 19:2 a 
biopsy of the left tibial marrow wzs not diag- 
nostic, but a biopsy of the left scapular skin 
nodule revealed a very anaplastic tumor con- 
sistent with the diagnosis of a sympathicoblas- 
toma. А primary site was never found. The 
patient was discharged from the hospital with 
no specific therapy and a grave prognosis. 

He was seen in the clinic on September 
1952 at which time there were many more nod- 
ules present in the skin, involving the entire 
body, varying in size from several millimeters 
to a centimeter. The hepatomegaly and spleno- 
megaly persisted. The patient was, however, 
eating well and gaining weight. He was next 
seen on October 24, 1952, at which time the skin 
nodules were decreasing in size ard number. 
During the next four months all of -he nodules 
disappeared, the liver and spleen returned to 
normal size, and the infant appeared healthy. 
He has had no further difficulty and is living 
and well at the present time. 


DISCUSSION 


The two year survival rate of 50 per cent 
indicates that neuroblastoma is not a hope- 
less disease. While neuroblastoma may 
rarely regress spontaneously, radiation 
therapy must significantly alter the ulti- 
mate course of the disease, since there was 
no instance of complete surgical removal of 
the tumor in our series. The tumor doses 
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Fic. 7. Case т. (Я and B) Roentgenograms of the abdomen, taken on December т, 1955 prior to radiation 
therapy, demonstrate calcification anterior and to the right of the first lumbar vertebral body. Note also 
the slight scoliosis present. (C and D) Roentgenograms taken cn September 15, 1959, six years after radia- 
tion therapy to the right upper abdomen (3,700 r central tissue dese), reveal residual calcification, increase 
ir the scoliosis, irregularities of the vertebral bodies and right ilium, and narrowing of the T12—L1 inter- 
space. 
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Fic. 8. Case т. (4 and B) Roentgenogran s of the skull taken on January 29, 1954 reveal thicxening and 
sclerotic changes in the right frontoparictal region. (C and D) Roentgenograms taken on September 15, 
1959 demonstrate resolution of the bon» abnormalities and the calvarium at this time appears normal 


(2,400 r air). 


given covered a wide range (1,700 to 4,500 
rad), and there was no correlation of dose 
with survivals. This may indicate that a 
specific predetermined dose is not as im- 
portant as the response of the tumcr to the 
radiation in each case. 

It appears that the site of origir of the 


tumor may be the most important prog- 
nostic sign. No deaths have occurred in 
those patients with tumors originating in 
an extra-adrenal site. On the other hand, 
there is only 1 survivor in the group in 
which the primary site was the adrenal 
gland. We have no explanation for this 
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Fic 9. Case 1. (7 and B) Roentgenograms taken on February 27. 1c 54 demonstrate an osteolytic lesion with 
a sclerotic component in the proximal right tibia. Note the cor iczl expansion. (C and D) Roentgenograms 


taken on September 15, 1959 reveal the tibia to be normal. 


744 


R. L. King, J. P. Storaasli and R. P. Bolande 


APRIL, 1961 





l'16. то. Case 1. (4) Roentgenogram of the left elbow taken on January 20, 1955 demonstrates a metastatic 
lesion (biopsy proved) in the proximal portion of the ulna. (B) Follow-up roentgenogram taken on March 
6, 1956 reveals marked interval improvement (1,200 r air). 


apparent difference. Perhaps the adrenal 
lesions are more difficult to detect earlv, 
lving dormant and allowing more time for 
dissemination. Other factors may be differ- 
ences in the vascular bed of the adrenal 
gland leading to earlv blood borne dissemi- 
nation, or alterations in the host resistance 
to these tumors. Analvsis of our data 
(Table ту) indicates that there is no appar- 
ent difference related to the ages of the 
patients. There is a tendency for the extra- 
adrenal lesions to be more mature, and 
ganglioneuroblastomas were more common 
in this group. It is evident, however, that 
the adrenal lesions metastasize more often, 
in contradistinction to extra-adrenal tu- 
mors. Thus it is conceivable that neuro- 
blastomas originating in the adrenal gland 
are inherently different neoplasms with a 
more malignant behavior, even though no 
morphologic evidence for this exists. Dar- 
geon" reports survival of 15 patients out of 
108 with neuroblastomas. Of these 15 sur- 
viving patients, in only т did the lesion 
originate in the adrenal gland, again imply- 
Ing a better prognosis for extra-adrenal 
lesions. 


Although generalizations concerning sur- 
vival and the histologic pattern of the 
tumor cannot be made from this small 
series, our findings, and those reported bv 
others, suggest that the survival is signifi- 
cantly better in the ganglioneurcblastoma 


group. !^* Assuming that thes» tumors 
arise by dysontogenesis of cells which 


possess maturational potential, a unique 
viewpoint for histopathologic evaluation is 
probably required. In турса adult-tvpe 


TABLE IV 


COMPARISON OF ADRENAL AND 
EXTRA-ADRENAL TUMORS 


Extra- 
Adrenal „7 
Adrenal 
Age Under one vear 4 
Over one vear 7 9 
Histology — Ganglioneuroblastoma | 5 
Neuroblastoma с 6 
Sympathicoblastoma 4 2 
Metastases Present at diagnosis 5 О 
Present later 3 2 
Number /total 8/10 i13 


neoplasms, e.g., carcinoma of the breast, 
colon, etc., prognosis tends to be related to 
the most anaplastic or most undifferenti- 
ated foci of a given tumor. In dealing with 
dvsontogenetic tumors, on the other hand, 
one should converselv look to the most 
differentiated area, which тау reflect the 
capacity of the embryonal cells to mature. 
The evidence that regression of neuroblas- 
toma is associated with cell maturation 1s 
somewhat limited.^ 122?» This evidence 15, 
none the less, well documented and rela- 
tively clear-cut, and would seem to Justify 
this viewpoint. 

The radiation therapy was given in a 
single course, in contradistinction to the 
two separate courses others have recom- 
mended.? The treatment plan has been to 
institute radiation therapy after the im- 
mediate effec-s of the surgical procedure 
have passed. Surgical intervention does not 
make irradiat on an emergency procedure. 
[f emergency radiation therapy 1s deemed 
important, then it would be preferable to 
initiate therapy preoperatively. Preopera- 
tive irradiation may be useful to render the 
tumor more accessible surgically and to 
reduce the grcwth potential of any remain- 
ing tumor tissue. 

The expected sequelae of radiation ther- 
apy were observed in most cases, but in no 
instance did they present serious complica- 
tions. In many patients, depression of the 
bone marrow occurred, but this was only 
temporary with no instance of permanent 
depression. This effect did alter the treat- 
ment plan in some of the patients so that 
the contemplated tumor dose was not 
achieved. Nc radiation nephritis or skin 
complications were noted. 

There were 3 instances of radiation 
induced scoliosis. Two occurred after irradi- 
ation of the mediastinum: the first, a five 
month old girl who received 4,500 rad, and 
the second, = three year old girl who re- 
ceived 2,900 rad. Both patients are living 
and well af-er thirteen and ten years, 
respectively. The third patient was pre- 
sented in detail above (Case 1). Neuhauser 
et al.” reported 34 children who received 
radiation to the spine, 3 developing scolio- 
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sis, and 2: having various bone changes 
demonst-aced on roentgenograms. It has 
been recoramended that the whole verte- 
bral bod» be included in the treatment field 
so that wedging and resultant scoliosis 
will be less likely to occur. It is conceivable 
that tumor involvement of the vertebral 
body, m iscle and nerves may contribute to 
the Де» c ooment of the scoliosis. 

There were 3 instances of radiation 
induced cesteochondroma. The first case 
was a five nonth old boy who had an osteo- 
chondrona of the left third rib removed 
five vea-s after receiving 3,000 rad to the 
left upper chest for a mediastinal neuro- 
blastoma. The second case was a fifteen 
month el: boy who developed an osteo- 
chondroma of the left ilium and a moder- 
ately h-poplastic ilium after receiving a 
tumor dose of 1,750 rad to the left paralum- 
bar regiam The third case was a three year 
old girl wko developed an osteochondroma 
of the il ае crest several years after receiv- 
ing 2,1cc rad to the left abdomen for a 
paralumoæ sympathicoblastoma. Neuhauser 
et al! -e»ort development of osteochon- 
droma in 5 of 34 children receiving radia- 
tion the-a»y. 

А the-zoeutic agent which we have found 
to be a iseful adjunct in patients with dis- 
seminated bone disease is radioactive 
phosphc ms, given either intravenously or 
orally, i» weekly 1 mc doses. The dose used 
is often limited by the precarious condition 
of the bore marrow secondary to previous 
radiation -herapy and disseminated disease 
This сав Ке helpful in the relief of bone pain 
secondary to metastatic involvement. We 
have had no experience with the use of 
chemotherapeutic agents such as cortisone, 
antimetabolites, cytotoxins, or vitamin 
B I2.^* 

The — case presentations reveal the dith- 
cultv ir predicting the course of the disease 
in chila@ren with neuroblastoma. The pres- 
ence of skeletal metastases 1s considered a 
grave prcgnostic sign. Case т had several 
documen ed areas of bone involvement, vet 
she is Tang and well six years after the 
diagnosis There are 6 similar cases reported 
in the Ёсегагиге of neuroblastoma with 
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skeletal metastases and survival! 7:1012.28.32 
Case 11 illustrates the difficulty in evalu- 
ating the mode of therapy. This patient had 
only a biopsy of a skin nodule. with no 
definitive therapy, yet he is living and well 
eight years after diagnosis. This most likely 
is an example of spontaneous regression of 
the tumor secondary to differentiation or 
maturation of the elements of the tumor. 
The steadily increasing survival rate 
during the past few decades seems to paral- 
lel the more intensive use of surgery and 
radiation therapy. We had no case in which 
the tumor could be extirpated completelv 
at surgery, thus we can reasonabl- assume 
that the radiation destroyed the tumor or 
changed its biologic behavior. Evea though 
à curative approach is not indicated when 
extensive metastases are present, radiation 
therapy affords excellent palliation. These 
factors, in addition to the unpredictable 
course of the disease, demand continued 
therapeutic efforts, since occasionally an 
unexpected long survival will result. 


SUMMARY 


A review of the course and ther: py of 28 
cases of neuroblastoma has been presented, 
with a two year survival of £o per cent 
recorded in 26 patients. The trea-ment of 
choice is complete surgical removal of the 
tumor followed by radiation therapy to the 
tumor bed. Radiation therapy is useful for 
the treatment of metastatic disease. 

Our data seem to indicate that the site of 
origin of the tumor may be the most impor- 
tant prognostic factor. In this series, only 1 
patient out of 10 is surviving whose pri- 
mary tumor was in the adrenal gland, while 
all patients with extra-adrenal primary 
sites have survived. In addition, the pres- 
ence of metastases and the histologic 
characteristics of the tumor are of prog- 
nostic importance. 

Two cases with metastatic discase and 
long term survival are presented. 


John P. Storaasli, M.D. 
University Hospitals of Cleveland 
2065 Adelbert Road 

Cleveland 6, Ohio 
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ADVANCES IN APPLICATIONS OF RADIO- 
ISOTOPES IN PEDIATRICS* 


By WILLIAM A. REILLY, M.D. 


SAN FRANCISCO, CALIFORNIA 


A THE present time it would seem that 
most diseases may be studied in some 
aspect by radioisotopes—a means which 
constitutes a significant advance over con- 
ventional clinical laboratory tests, since 
these generally indicate only the static level 
of a substance or a cell, whereas isotopic 
labeling makes it possible to measure the 
rate of formation and/or destruction, 
commonly called “turn-over rate," due to 
the fact that radioactive elements are not 
distinguished from their stable counter- 
parts by the body. For this reason, it is 
possible to “label” the stable isotopes in the 
body with their radioactive nuclides or 
"tag" normal constituents of the body with 
radioactive 1sotopes. Examples are the use 
of a radioisotope of iodine to label the inert 
iodide in the body in order to measure the 
rate of its inclusion into an organic com- 
pound, or the tagging of hemoglobin in the 
red blood cell in order to estimate red blood 
cell mass, rate of mixing of labeled cells, or 
the rate of red blood cell destruction. С“ 
(radiocarbon) and H? (tritium) have been 
used with increasing frequencv to tag or- 
ganic compounds of biologic importance. 
There are no readily usable radioisotopes of 
oxygen or nitrogen. 

In most cases tests with radioisotopes 
offer little risk to the patient from exposure 
to ionizing radiations. Some, such as red 
blood cell tagging with Cr?, result in very 
little radiation exposure, actually only of 
the same order of magnitude as that re- 
ceived by the entire population from nat- 
ural radiation, which has been estimated 
to be 0.095 rad yearly at sea level.? This 
increases significantly with altitude. A 
patient given a Cr? diagnostic test receives 
about an additional 0.030 rad. Other tests 


using [1 or Fe? result in more exposure, 
about 1 to 1.5 rad to the thyroid per uc I?! 
taken up and o.2 rad to the hematopoietic 
system per uc of Fe? retained. Doses of 
10—50 ис are usually given in mcst clinical 
tests using [?!, ['3, and Fe?*, The radiation 
received is of the same order of magnitude 
as that received as a result of conventional 
roentgenographic examination.* 

Instrumentation continues tc improve 
and since the present author's? review in 
1956, increased sensitivitv in instruments 
has made possible a decrease in dosage of 
radioisotopes and, thus, in the possible 
hazards associated with radiation. In most 
other tests not mentioned above, a tracer 
dose of 0.5 to 10 yc is often sufficient. 
Among the new instruments are scintilla- 
tors, which have a well-shaped sodium 
iodide crystal in which the sample to be 
counted is placed, with an efficiency ap- 
proaching О per cent; liquid scintillation 
detectors, in which the specimen to be 
counted is dissolved in the scintillation 
solution with 5-10 per cent efficieacy for Н? 
and up to 50 per cent efficiency fcr C!*; and 
gamma-ray spectrometers which allow the 
differential detection of two or more radio- 
Isotopes in a single sample. 

Scintillation scanning is now commonly 
done to reveal the isotope-rich areas of the 
body. The scanner has а scintillating 
crystal which is collimated to see various 
sized fields and is moved mechanically to 
scan the area desired. Typical scans of the 
thyroid are shown in Figures 1, 2 and 3. 
Scintillation scanning is useful in detecting 


* The roentgen unit, r, refers to exposure. Diagnostic roent- 
genograph:c study of congenital heart disease celivers 140 or 
more r; chest fluoroscopy of infant, 15-20 r per minute; and chest 
roentgenograms о.5 г. А rad, roentgen absorbed dose, is 1.c4 г. 


* From the Department of Pediatrics, University of California Medical Center, San Francisco, California, and the Radioisotope 
Service of Veterans Administration Hospital, San Francisco, California. 
Presented in part at the 27th Annual Meeting of the American Academy of Pediatrics, Chicago, Illinois, October 20, 1958. 
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Sternal Notch 


lic. т. Scintiscan of a normal thyroid. 


"hot" (increased uptake of 1%) or "cold" 
(decreased uptake) nodules in the thyroid, 
cervical lymph nodes, or elsewhere in the 
body when activity of thyroid metastases 15 
to be determined. “Hot” nodules are prob- 
ably more common in the endemic areas of 
goiter, 7.e., the Great Lakes area of the 
United States. Nodules are less common in 
areas where the iodine intake is adequate. 

The followmg is a discussion of the organ 
and system disturbances in which radioiso- 
topes may be used in pediatrics. 


DIAGNOSTIC APPLICATIONS 
THYROID 


A measure of thvroid function mav be 
had by labeling the iodide pool of the pa- 


Nodule 





Sternal Notch 


Fic. 2. Scintiscan of a “соіа” nodule 
in a thyroid gland. 


Radioisotopes in Pediatr cs 


Tapte 1 


PER CENT [P?! UPTAKE IN THYROID 24 HOURS 
2 FTER ORAL ADMINISTRATION 











Per Cent 
Range 
Evth -roid 0—35 
Hv pcthyroid O- 7 
Hyperthyroid 35-90 
Simpe Goiter 14—35 
Gcitrous Hypothyroid 


44-97 


tient with I?! or 1°, The latter reduces the 
radiation dose to the thyroid to about 
1/2cth of that received from 1", but it 
must be m ilked from Te!? the day it 1s used 
because o the 2.26 hour half life.!! Table 1 
shows the range and the mean thyroid up- 
take which we find in normal as well as in 
several disturbed thyroid states. 

Classic hypothyroidism in young chil- 
dren is di#icult to diagnose if the deficiency 
is not ma-ked. Blood protein bound iodine, 
cholestercl, and the basal metabolic rate 
tests аге often unreliable. Even so, such 
tests should be made first and, if results are 
borderlin - or questionable, tests with radio- 
iodine сав be considered. Thyroid uptake of 
[?' 15 belew normal (less than 8 per cent in 
24 hours) with a low conversion ratio of the 
blood 1^. Athvreosis in infants 15 not al- 
ways easdv recognized, but I'*' tests should 
not be parformed immediately or routinely 
in order t avoid criticism as to the possible 
ill effecte of radiation, even though the 
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Fic. 3. Lateral scintiscan. Aberrant thyroid tissue at 
base of ongue. Normally situated tissue was not 
present, 
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amount of radiation to the infant з thyroid 
Is low (30 to 50 rad). 

Hyperthyroidism is uncommor in chil- 
dren in a florid form; forme fruste occurs 
more often, but not frequentlv. In cases 
where protein bound iodine, basal metabolic 
rate and blood cholesterol tests are border- 
line high normal, I?! uptake and conversion 
ratio are usually elevated and definitely 
helpful. 

The writer has found previously un- 
known iodinated protein compeunds in 
colloid goiter Ьу using the resin acsorption 
test, radioautograms, and resin column 
separation, and has suggested th: t colloid 
goiter is another metabolic defect. In 
goitrous hypothyroidism, the thyroid up- 
take of I?! is increased. Due to a pestulated 
inherited defect or to the lack of a specific 
enzyme or enzymes, three types ot defects 
seem to exist: (1) inability of the gland to 
convert inorganic iodide into orgame iodine 
compounds, (2) inability to couple iodoty- 
rosines to form triiodothyronine aad tetra- 
iodothvronine (thyroxin), and (3) absence 
of the enzyme (deiodinase) which breaks 
down unused iodotyrosine radicals and so 
makes their iodine available for re-utiliza- 
tion as iodide. Probably other ‘ypes of 
defects will be delineated by radieisotopic 
techniques in the not too distant fu-ure. 

Determination of thyroid I?! uptake is 
not a full measure of function; the conver- 
sion of inorganic iodide to organically 
bound iodine (thyroxine) and its release 
may be a more thorough test of thyroid 
function. 

At best, Г?! tests of thyroid function are 
not a means of definitely detecting border- 
line states or hypothyroidism or hy perthy- 
roidism, but they are helpful. It is better to 
assess the patient first by careful history, 
physical examination and routine labora- 
tory tests; the 1! test can be pertermed if 
doubt persists. 

Various conversion methods ("апо of 
organic to inorganic iodide) hare been 
suggested since the report by Scott and 
Reilly? in 1954, who used an anionic resin 
to separate the Г?! as iodide in plasma from 
that converted to protein bound !'*'. The 
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conversion ratio per se does not give as com- 
plete information as when the per cent of 
П! converted to PBI'*! is normalized to a 
standard I"! dose and body weigat. Reilly 
et al.” found that the counts per second per 
cent converted by euthyroid adults was 4.1, 
12.2 and 17.3 at 24, 48 and 72 hours after 
I! dosage. In hyperthyroidism these values 
were 136, 216 and 198 at 24, 48 and 72 
hours and o, 2.5 and 1.2 respectively in 
hypothyroid patients. Higher values were 
obtained in euthyroid children. These were 
6.1, 17 and 21 counts per second per cent for 
similar time periods. The PBI'*! conversion 
showed far less overlap in the various thy- 
roid states than did the gland uptakes. 
РВІ" conversion may be expressed as 
percentage of the dose administered per 
unit of plasma or blood with similar re- 
sults. 

A test of thvroid function has been de- 
veloped using I?! labeled triiodothyronine 
which is incubated with a blood sample and 
the plasma binding determined differen- 
tially by measuring the amount of triiodo- 
thyronine which is not bound by plasma 
and which diffuses into the red blood cells." 
The normal euthyroid range is 10-17 (%/ 
тоо hematocrit). Plasma from hypothy- 
roids binds more because of low initial 
plasma levels which exist due to the paucity 
of thyroxine released to the plasma by such 
a thyroid gland, and all red cell uptakes 
range from 5 to 11. Conversely, hyperthy- 
roidism results in increased up-akes in 
excess of 16 since the plasma is more nearly 
saturated from endogenous sources. This 
test is especially desirable for use in chil- 
dren since the patient receives no radiation. 
exposure. 


PARATHYROID 


The parathyroid states of hyper- and 
hvpoactivity have been studied with Са?, 
but its 164 day half life and the relatively 
weak beta emission make this isotope un- 
suitable for studies in children. Recently 
Ca” has been made available; it Fas a 4.7 
day half life and emits gamma rays which 
make it most useful in 77 vivo and zz vitro 
studies involving calcium metabolism.,!® 
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PANCREAS 


While studies with radioisotopes in 
diabetic children have not been recorded, 
it is possible that radioisotopes can be used 
safely and suceessfully. The extent of dia- 
betes and the mysteries of its intermediary 
metabolic pathways are being determined 
with the use of isotopically-labeled (Н? or 
C'5 glucose, adrenal steroids, and fats. 
Searle eż al. and others? have used C" 
glucose in normal and diabetic patients to 
compare the action of insulin and tolbuta- 
mide on the glucose oxidation rate. This 
was found to be approximately 50-60 
mg./kg. bodv weight/hr. in both normal 
anc diabetic subjects. A glucose turnover 
rate of 54-150 mg./kg./hr. was observed 
in diabetics as compared to 72-98 mg./kg. 

hr. in normal patients. Searle and co- 
workers have come to the conclusion that 
tolbutamide potentiates the action of insu- 
lin. 


LIVER 


Brent and Geppert? evaluated infantile 
jaundice by using rose bengal Г?!; they 
distinguished between intra- and extra- 
hepatic causes. Blahd and Nordyke,? also 
using rose bengal 1, employed a tech- 
nique by which the blood is counted exter- 
nally at the ear. The normal range of rose 
bengal retention is about 40 per cent in 20 
minutes. Higher values are obtained in 
cases of chronic infectious hepatitis (48 per 
cent), congestive heart failure (61 per cent), 
cirrhosis with ascites (63 per cent), and cir- 
rhosis with ascites and jaundice (75 per 
cent). It is doubtful whether these radio- 
isotopic tests would be justifiable or prac- 
tical in pediatric practice. 


DIGESTIVE TRACT 

The malabsorption states (cystic fibrosis 
of the pancreas and steatorrhea) continue 
to be studied with promising results. Lavik 
el al^ have reported their work on protein 
digestion and absorption in children with 
and without evstic fibrosis of the pancreas. 
They administered orally 10 to 40 ис of 
I? labeled human serum albumin and 
measured the ['?' in blood and urine speci- 


Radioisotopes in Pediatrms 


751 


mens. The normal blood I"! level after 2 
hours is 16 per cent of the dose, with a range 
of 11 to 2: per cent. After 12 hours, 18 to 
ço рег cent of the Г?! is found in the urine 
with a mean of about 18 per cent. Verv 
little 15 found in feces. In pancreatic insuf- 
ficiency, the 2 hour blood I?! level is much 
lower than normal, 1—2 per cent, the 12 
hour urine excretion is 5-18 per cent with 
a mean оё about 10 per cent in 72 hours; 
20 to бо рег cent is found in the feces.’ 
Spector eż 4/?* found that utilization of Г?! 
labeled corn oil for the study of fat absorp- 
tion in stzatorrheas proved advantageous. 
Blood, stools, and urine were counted for 
I?! during a 48 hour period. Fat absorption 
was found to be lower and excretion higher 
in these cenditions. The test also indicated 
the severity of these states. 

The nosmal blood level of I?! for 4 hours 
after the administration of I? labeled tri- 
olein is about 14 per cent with a range of 
8—18 per cent. In carcinoma of the pancreas 
and pancreatitis, blood levels of 3 per cent 
and 7 per cent, respectively, were observed. 
When Ё# oleic acid was administered, no 
significant change from the normal 4 hour 
level of 13 per cent was noted. This was 
depressed in steatorrhea.? In malabsorp- 
tion states, the tests which can be per- 
formed s. ccessfullv and safelv in children 
are absorption of fats by 1%! triolein or 
oleic acid and I?! albumin test for bowel 
digestion by trypsin. It is advisable to 
block the thyroid with Lugol’s solution 
prior to the tests involving I?! labeled com- 
pounds ir order to avoid unwanted radia- 
tion to t^e thvroid. 


CIRCULATORY SYSTEM 

Advances have been made in blood vol- 
ume determinations with Cr? tagged red 
blood cells; I?! HSA; in cases of vascular 
defects, sich as arteriovenous shunts, with 
Na”; and in peripheral absorption for diag- 
nosis ot circulatory defects and detection 
of septal defects with sodium 2,6-di10do- 
sulfonilate tagged with 1°, There is an in- 
creased cemand for blood volume deter- 
minatiens in cardiac patients with and 
without ailure (congenital and acquired) 


ЁЛУ William 
for routine as well as research testing and 
also in cases of nephrosis. 

Cr" RBC is probably the mos: reliable 
of the radioisotopic tests to estimate blood 
volume although such a determination is 
not a true one, for only the Cr? RBC mass 
is measured. The total volume is then esti- 
mated by using the hematocrit value. I?! 
HSA is a plasma tag which may leave the 
blood stream during the test and result in 
a falsely high volume determination. Theo- 
retically, a combined measurement by 
radioisotopes of both the RBC mass and 
plasma volume should approximate a true 
blood volume. The mean blood volume ob- 
tained with Сг?! was found to be 45.5 5.9 
cc. per kg. body weight with a range of 45 
to 81 сс. / Ко. 12:29 It was found to be elevated 
in metastatic carcinoma,” right and left and 
right heart failure” and in secondary polv- 
cvthemia. Plasma volumes in normal chil- 
dren were about 40 cc. per kg. These were 
obtained by using I?! HSA." 

Cardiac output has been measured using 
Г, П HSA, Cr*!, and I?! rose bengal. The 
normal mean was observed to be 3.3+0.8 
]./ min. / m.2,? Na?! has been used to measure 
pulmonary circulation time by placing a 
counter over the heart. The mean normal 
time was 5.4 seconds; it may be as high as 
IO seconds in cases of pulmonary emphy- 
sema.” Ма?! is also useful in determining 
the viabilitv of skin grafts Ьу measuring 
the biologic half life.* This is normally 9 
to 20 minutes but it is longer in nonviable 
grafts.! 

The detection of septal defects is an ex- 
ample of the helpful application of a radio- 
Isotope to a definite clinical diagnostic 
problem. 

Sodium 2,6-diiodosulfonilate tagged with 
I has the following advantages: it can be 
synthesized easily; it 1s labeled in high spe- 
cific activity; it has a very low toxicity; it is 
excreted very rapidly in the urine; its bio- 
logic half life is less than one hour; tests 
can be repeated frequentlv; it does not lo- 


* The biologic half-life is an expression of the clearzce rate of 
isotopes or compounds by a patient and is the time seconds, 
hours, or days needed for the reduction of the initia! concentra 
tion by one-half. 
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calize in the thyroid gland or other tissues; 
it 1s not a metabolite and, therefore, does 
not enter апу "pools"; it emits gamma 
radiation and radiation exposure is reduced 
below that of Na” and I?! HSA, which are 
often employed for dynamic studies. The 
procedure, briefly, is as follows: A well col- 
limated scintillation crystal detector is 
placed over each side of the heart, con- 
nected to separate recorders, anc approxi- 
mately 3 ис of the compound is injected 
intravenously. The differentiation of entry 
of the radioisotope into each side of the 
heart is detected on the recorders by the 
time and height differences of the dual 
records.” 


HEMATOFOIETIC SYSTEM 


The following conditions have been 
studied more extensivelv in recent vears: 
the hemolvtic anemias (congerital and 
acquired), iron deficiency anemias, mega- 
loblastic anemias, leukemias and secondarv 
polycythemia. Fe?* has been emploved in 
these conditions particularlv to measure 
the rate and amount of iron turnover in 
plasma productions of red blood cells and 
hemoglobin red blood cell iron turrover and 
survival time. Сг?! is perhaps more usable 
than Fe? for measuring red b ood cell 
survival time. Ап ingenious and profitable 
studv of the absorption of iron in infants 
and children emploving Fe? has been re- 
ported by Smith and Schulz.’ 

The diagnosis of pernicious-like (mega- 
loblastic) anemia in childhood using the 
Shilling test may be made by orally admin- 
Istering about о. uc of Co® labeled vitamin 
By so that the excess By, both unlabeled. 
and labeled, which is absorbed will be ex- 
creted in the urine. The normal excre- 
tion of Co® in the 24 hour urine is usually 
7-22 per cent.? Ín pernicious anemia 1t is 
less than 3 per cent because of lack of ab- 
sorption from the gastrointestinal tract. А 
similar lack. of absorption is observed in 
sprue, malabsorption svndrome? and in 
postgastrectomy patients. Following the 
administration of the intrinsic fzctor an 
elevation in excretion of 2 to 8 times the 
original activity 1s encountered in per- 
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nicious anemia (3-30 per cent) and in 
post-gastrectomy anemia (3-18 per cent). 
Some elevatiom тау be encountered in 
sprue and in the malabsorption svndrome. 

Labeled cells тау be used to studv var- 
Ious anemias. 
survival of red blood cells labeled with Cr”! 
ranges from 29-35 davs; values lower than 
this тау be observed in iron deficiency 
anemia (17 davs), hemolvtic anemia (1—7 
days) and anemia of infection (17-22 
davs).! 

Studies with Fe?? can reveal a great deal 
about the dynamics of the hematopoietic 
system. These are generally complex and 
ГАП more in the research category rather 
than in routine clinical testing. After incu- 
bating the patient's plasma with Fe’, it is 
injected and its disappearance rate from 
the blood stream determined. The normal 
mean half-time of loss from the blood is 

.75 hours. Ths is decreased to 30 minutes 

less in iron deficiency anemia, poly- 
cvthemia vera, hemolytic anemia, anemia 
of infection amd pernicious anemia, and 
increased in aplastic anemia.'® The plasma 
iron turnover rate may be calculated if the 
inert plasma iron 1s known. The normal 
range 1s 21 to 37 mg./da. In endogenous 
hemochromatosis, iron deficiency anemia, 
and anemia of infection, it rises to approxi- 
mately 35 to so mg./da.**4 The hemoglobin 
formation rate may also be calculated from 
Fe” studies. This has been found to be 

0.835 per cent per day 1n normals and 0.943 
per cent in endogenous hemochromatosis, 
and as high as 2.28 per cent per day in 
iron deficiency anemia.” Total hemoglobin 
formed can also be calculated. It is 5-8 
gm. per day in the normal, 6.6 gm. per day 
in hemochromatosis and 9.9 gm. per dav in 
iron deficiency anemia. The labile iron 
pool was observed to be go mg. in normal 
patients and up to 187 mg. in endogenous 
hemochromatosis and down to 14 mg. in 
iron deficiency anemia.” 


NERVOUS SYSTEM 
Some of the less frequently used but 
helpful applications of radioisotopes in 
diagnosis of lesions of the nervous system 
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The apparent half time of 


are in conjunction with brain tumors: 
localizatien by 1! HSA, Г?! diiodofluores- 
сеш, K 9, K* or Р i Is now used less 
often. Th- multiple measurements over the 
child's skill are too tedious for the vield 
and the r-sults are not апу more localizing 
than careul clinical and roentgenographic 
examinat ons. 
OSSEOUS SYSTEM 

Osteoperosis (Ca*, P*), refractory rick- 
ets (H*), and osteosclerosis (Са, Sr?) 
have beea investigated with considerable 
success іу measuring blood levels and 
urinary excretion. In this manner radio- 
isotopes һауе helped in decreasing the 
obscurity of absorption, turnover, and ex- 
cretion of calcium and phosphorus.* Hereto- 
fore these studies have been impeded bv 
the lack of suitable isotopes. The avail- 
ability «e Ca“, 5r and Эг, all gamma 
emitters with suitable half lives, will aid 
in obta nng additional information with a 
minimum of radiation exposure to the sub- 
Ject.^ 

GENITOURINARY SYSTEM 

Differeatial kidney function can be esti- 
mated wi h I?! tagged diodrast given intra- 
venous|v and measured externally by a 
scintille ton detector placed over each kid- 
ney, with the gamma radiation penetrating 
to the su-face and into the crystal.” 

I"! tet-aiodophenolphthalein or I?! uro- 
kon prebably could be used also. Glomer- 
ular excretion can be tested with C!* inulin, 
tubular excretion with I'*! diodrast, and 
reabsorption with Na? and H*. 

In stiaes of comparative renal function, 
both kidrevs rapidly accumulate Г?! labeled 
diodrast and, when normal, drop-oH to 
about 23 per cent of the maximum peak in 
} minute and 31 per cent in 15 minutes 
occurs; ir adequate function by either kid- 
nev may be measured bv comparing the 
peaks. n complete ureteral obstruction, the 
retentien curve rises to about $0 per cent 
of the mermal value during the first few 
minutes,* and in a nonfunctioning kidney, 
the curve rises to about 35 per cent of the 
normal value, falling lower than normal in 
I5 minutes.” 
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BODY COMPOSITION 


The fluid and electrolvte svstems have 
been studied in instances of hvpo- and 
hyper-states of natremia, kaliemia, chlore- 
mia, as well as edema, acidosis, alkalosis, 
dehvdration, and diarrhea with the use of 
Na^, K*, and Н?,О (tritiated water), Br; 
and 5% (compounds for studies on anions 
such as chloride). 

The total body water using H? was found 
to range from 78 to 81 per cent with a mean 
of 79.3 per cent. This rose to 88.2 per cent 
in severe respiratory insufficiency. The 
anion space or volume using Br? was deter- 
mined to Бе 27.5 + 2.4 per cent of the body 
weight. The total exchangeable sodium 
using Na* or the longer lived Na? was 
observed to be 39.5 +3.4 mEq./kg. and 
that of potassium using K*? and К® to be 
48.0 +4.4 mEq./kg. body weight." [t 15 
possible to prepare extremely pure carrier 
free К: by alpha particle bombardment 
of argon gas using a cyclotron. 

The procedures used bv McMurrey and 
his colleagues?" оп adults might prove of 
value in pediatric investigations. These are 
recommended for instruction on method- 
ologv for use of radiosiotopes (the dilution 
principle) and for compositional data 
derived by calculation in basic science 
studies.” 


THERAPEUTIC APPLICATIONS 


Unfortunately, few advances have been 
made in the therapeutic application of 
radioisotopes. P? for leukemia has been 
partly replaced by newly synthesized 
chemicals; however, it has proved very 
effective and remains the most definite 
radioisotope in children. 

Strontium (Sr??) applicators (beta radia- 
tion) for lesions of the cornea and con- 
junctiva are contraindicated. Cataracts, 
though rare, have been reported vears after 
their injudicious use. 

There is a somewhat promising advance 
being made with boron 10 compounds 
which, when intravenously administered, 
may localize in brain tumors. When the 
area is exposed to slow neutron bombard- 
ment from an atomic pile, the В!" cap- 
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tures the neutrons and subsequently re- 
leases alpha particles which expend all of 
their energy in the tumor and thus radia- 
tion damage to normal tissue 1s avoided.!° 

Crile’ states that treatment of hyper- 
thyroidism in childhood with I'*!, because 
operative and medical management has 
been followed by hypothyroidism, is much 
simpler and probably safer than subtotal 
thyroidectomy or medical therapy. Surgical 
therapy of 21 cases resulted їп such compli- 
cations as recurrence (5 cases), hypo- 
thyroidism (4 cases), tracheotomy for post- 
operative edema and cord paralysis and 
keloids. I! in small doses (4-5 mc) has 
been used by him during the past 10 years. 
Out of 22 cases, in 10 there were no ill 
effects, there was one recurrence, and 3 
(14 per cent) became hypothyroid. De 
Gowin e£ a/. in a period of то years have 
given Г#! therapeutically for hvperthv- 
roidism to 10 children, carefully selected 
because of possible risks with medical and 
surgical therapy. They believe that Г?! has 
a definite place in the teatment of hvper- 
thyroid children. Other investiga-ors who 
have followed similar groups of carefully 
chosen children appear to be in agreement. 

Fewer recurrences and complications 
follow adequate operation of exopnthalmic 
hyperthyroidism, and the writer prefers 
this to other therapy. Forme fruste can be 
controlled by proper medical management 
(propylthiouracil particularly). Though 
children with Graves’ disease have been 
treated successfully with I?! therapy by the 
writer and others, Sheline eż a/.** noted the 
complication of adenomata with neoplastic 
possibilities in several children. At present, . 
the writer does not recommend I'*! therapy 
for children with Graves’ disease because of 
potential genetic defects in their offspring 
and possible malignancy.*! Though the 
dose to the gonads is no greater than that 
from diagnostic roentgenography of the 
spine and pelvis, this treatment should be 
the province of experienced investigators. 

Metastases of thyroid cancer which have 
function (active) are very rare before the 
thyroid gland has been removed. However, 
such occur occasionally after thyroidec- 
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tom y, and I?! therapy can be tried. It can 
be given also to eradicate cancer in the 
thyroid gland if it recurs after thvroid- 
ectomy and further removal is not tech- 
nically possible (adherence to trachea, 
vagus nerve, etr.). 

Hahn? devised silver coated Au!’ in 
colloid form for instillation into serous 
cavities which contain a malignancy. The 
inorganic silver favors the trapping of the 
colloid by the lymphatic vessels and the 
lymph nodes, and the Ац!" irradiates the 
malignant cells. Such therapy is indicated 
in children with rare bronchogenic or 
pleural tumors which cannot be treated 
effectively otherwise. 


SUMMARY 


There are many clinical problems which 
can be solved, at least partially, Ьу the 
judicious employment of radioisotopically 
labeled compounds, elements, vitamins, etc. 
A brief discussion of some of the actual and 
possible uses өг radioisotopes in pediatric 
practice is presented. 


Department of Pediatrics 
University of Calitornia Medical Center 
San Francisco 22, California 


The writer is indebted to Dr. Kenneth G. 
Scott and Mr. James N. Castle of the Radioiso- 
tope Service, Sam Francisco Veterans Adminis- 
tration Hospital, for many helpful suggestions 
and technical data. 
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VESICOURETERAL REFLUX 


М RECENT years, with general ac- 

ceptance of the hvpothesis that vesi- 
coureteral reflux is never "physiolezic" but 
always pathologic, considerable «ttention 
has been directed to establishing the diag- 
nosis of this condition. Since it is rot read- 
ily accessible to endoscopic evaluation, its 
discovery has depended until naow on 
roentgenologic techniques. Initially, as in 
any field, these were rather crude and of a 
static nature. The retrograde passage of 
urine from the bladder to the Капе, how- 
ever, 15 a "reverse" type of phenomenon of 
a pathophysiologic nature, and more re- 
fined methods were needed which would 
also encompass the dimension of “time.” 
The now apparent fact that reflux may be 
unilaterally or bilaterally | intermittent, 
readily discernible one week but absent the 
next, has underscored the dynamic nature 
of this phenomenon. These disturbing 
vagaries were thought to be inherer t in the 
process, but it is now recognized tl at they 
are partially the result of imprecise applica- 
tion of our investigative methods. The 
situation, which may be comparec to the 
description of an elephant by six Ы nd men 
in the old Hindu fable, may be justified by 
the tendency frequently observed in medi- 
cine to assay the clinical picture by mo- 
mentary symptomatology. 

Thus, for some time, patients, particu- 
larly children, presenting pyrexia with re- 
current pyuria, pyelonephritis, abdominal 
pain, and enuresis have been discovered to 
have vesicoureteral reflux, either primarily 
or secondarily, as a cause of their symp- 
toms. Ít 15 not unusual to find thait such 
patients are treated strictly from a '*medi- 
cal” standpoint, unless the manifestations 
are quite severe. The apparently favorable 


response obtained from instituting appro- 
priate antibiotic therapy, coupled with a 
regimen of frequent and multiple voidings, 
seems to support the correctness of the 
procedure. A feeling of security is also en- 
gendered by the knowledge that the 
phenomenon is rarely seen in adults except 
with neurogenic bladder disorders. 

Recently, Hodson and Edwards,! in an 
excellent article, have drawn attention to a 
possible link between the phenomenon of 
vesicoureteral reflux and chronic pyelone- 
phritis, seen not only in childhooc but also 
in the adult. They reported 10 personal 
cases in which vesicoureteral reflux was en- 
countered in an unexpected manner and an 
additional 10 cases collected from the 
literature. On the basis of roentgenologic 
findings they classified these into 4 broad 
categories: (a) children with recurrent uri- 
nary infection; (b) young adults with clini- 
cal and roentgenologic signs of chronic 
pyelonephritis; (с) cases of unexplained 
renal osteodystrophy and uremia, and (d) 
cases showing roentgenologic evidence of 
chronic pyelonephritis in which the clinical 
findings are atypical. 

This frequent association of vesicoure- 
teral reflux and chronic pyelonephritis rep- 
resents an additional reason, tc several. 
others, for an early recognition of vesi- 
coureteral reflux bv establishing an a priori 
diagnosis leading to a more aggressive ap- 
proach to therapy, especially since later 
complications may cause death from renal 
failure. 

The radiologic methods which are used 
at the present time in an attempt to dem- 
onstrate the presence of vesicoureteral re- 


! Hopson С. J., and Epwanps, D. Chronic pyelonephritis and 
vesico-ureteric reflux. Clin. Radiology, Oct., 1960, 77, 219-231. 
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flux тау be placed in two groups: the 
roentgenologic and the radioisotope meth- 
ods. 

The roentgenologic methods comprise 
intravenous pyelography, delayed cys- 
tographv, voiding cvstography and, occa- 
sionally, ascending lipiodol study. Hodson 
and Edwards consider voiding cystography 
as being the most practical and informa- 
tive. They recommend that this method be 
carried out whenever the following findings 
are encountered on routine intravenous 
pvelography: (1) evidence of chronic pye- 
lonephritis, (2) very small kidneys with 
generalized caliectasis, (3) unexplained 
nonobstructive dilatation. of the upper 
urinarv tract, (4) undue distensibility of the 
urinary tract, (¢) bladder residue in a 
child, and (6) unexplained renal osteo- 
dystrophy. If image amplification equip- 
ment is available, cineluorography may be 
utilized for performing voiding cystogra- 
phy; it has the obvious advantage of add- 
ing the element of motion to the static 
study, with a relatively low radiation ex- 
posure. 

The radioisotope method was introduced 
in 1959 by Winter,? and an exhibit on its 
correlation with roentgenographic methods 
was presented at the Sixty-first Annual 
Meeting of the American Roentgen Ray 
Society in Atlantic City, September 27—30, 
1960 by Krabbenhoft, Cobb, Gordon and 
Corbett? Its advantages are several: 
namely, (1) lower radiation exposure, (2) 
detection of a definite number of cases pre- 
viously felt to be negative when the above 
methods were used, and (3) continuous ob- 
servation throughout the study which may 


2 Winter, С. С. A new test for vesicoureteral reflux: An exter- 
nal technique using radio:sotopes. 7. Urol., 1959, 87, 105-111. 

3 KRABBENHOFT, К. L., Coss, J., Gorpon, M., and Cor- 
ветт, D. Vesicoureteral reflux: Correlation of roentgenographic 
anc radioisotope methods. Am. J. RoeNTGENOL., Rap. THERAPY 
& Nucrear Med., Nov., 1960, 84, 977. 


Editorial 


759 


be conduc-ed as long as thought necessary. 
An inherent shortcoming is its failure to 
demonstrate reflux limited to the lower 
ureters. This would, of course, be indis- 
cernible from the high background radia- 
tion from the bladder incident to its disten- 
tion with the radioactive solution. Addi- 
tional parallel studies comparing the iso- 
tope technique with the other methods 
should coatinue to assess the reliability of 
this tecamique. The low levels of radiation 
exposure would seem especially important 
in cases requiring follow-up study, par- 
ticularly m the postoperative periods. 

The surgical approaches to treatment of 
vesicoureseral reflux have been of para- 
mount mmportance to urologists, largely in 
the last decade. They range from correc- 
tion of enw obvious bladder outlet obstruc- 
tions te a direct attack on the uretero- 
vesical junction in the more severe cases. 
They ren the gamut from urethral dilata- 
tions te resection of urethral valves and 
sclerotic vesical necks. An attack on the 
vesical neck may be by the transurethral 
route от by performing а У-Ү plasty, using 
a retrooubic abdominal-type approach. A 
modified Hutch procedure may be em- 
ployed on the ureterovesical junction, or 
uretera! reimplantation as advocated by 
Leadbetter may be preferred. 

The manifold character of these pro- 
cedures amply illustrates the lack of a satis- 
factory understanding of this problem. The 
assessn eat of the results obtained by them 
rests ir no small part with the radiologist. 
It is important, therefore, that he be 
familiaz with all methods with might help 
him to properly achieve the aim of early, 
ассига е diagnosis and later evaluation of 
treatmert methods. 


JosepH О. REED, Jr., M.D. 


Childrer’s Hospital of Michigan 
Detroit, Machigan 
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GOLD MEDALS AWARDED BY THE 
AMERICAN COLLEGE 
OF RADIOLOGY 
At the Convocation ceremonies of the 
Annual Meeting of the American College of 
Radiology held at the Drake Hotel in 
Chicago on February 8-11, 1961, two Gold 
Medals, the highest award of the College, 





Dr. Vincent W. Archer (right) receives congratula- 
tions from Dr. Earl E. Barth (left), following aca- 
demic ceremony in which Dr. Archer received the 
Gold Medal of the College of Radiology. 


were presented by Dr. Earl E. Barth, 
President of the College. 

Dr. Vincent W. Archer, radiologist from 
Charlottesville, Virginia, and Dr. Leo G. 
Rigler, radiologist from Los Angeles, Cali- 
fornia, were the recipients of the awards 
“tor distinguished and extraordinary serv- 
ice to the College and to the profession for 
which it stands.”’ 


OFFICERS OF THE AMERICAN 
COLLEGE OF RADIOLOGY 
At the Annual Meeting of the American 
College of Radiology held at the Drake 
Hotel in Chicago, Illinois, on February 8— 
11, 1961, the following officers were elected: 
President, Dr. L. Henry Garland, San 
Francisco, California; Vice President, Dr. 





Dr. Leo G. Rigler (right) being congratulated by Dr. 
Earl E. Barth (left) for his award of tae College's 
Gold Medal. 


Philip J. Hodes, Philadelphia, Pennsyl- 
vania; Secretary-Treasurer, Dr. Кау Н. 
Squire, Chicago, Illinois (re-elected): 
Chairman, Board of Chancellors, Dr. 
Theodore J. Wachowski, Wheator., Illinois. 
Dr. Wallace D. Buchanan, South Bend, 
Indiana, and Dr. J. Maxey Dell, Th 
Gainesville, Florida, were elected to the 
Board of Chancellors. 

The Executive Director of the American 
College of Radiology is William С. 
Stronach, 20 North Wacker Drive, Chicago 
6, Illinois, and the Director of Public Rela- 
tions 1s Hugh M. Jones, Chicago, Illinois. 

The next Annual Meeting of the College 
will be at the Roosevelt Hotel, New York, 
New York, February 7-10, 1962. 


CANADIAN ASSOCIATION OF 
RADIOLOGISTS 

At the 24th Annual Meeting on January 
22—25, 1961 of the Canadian Association of 
Radiologists held in Saint John, N. B., the 
following officers were elected: President, 
Dr. Donald L. McRae, Montreal; Vice 
President, Dr. Guillaume Gill, Montreal; 
Honorary Secretarv- Treasurer, Dr. Robert 
G. Fraser, Montreal; and Associate Honor- 
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агу Secretarv-Treasurer, Dr. Jean-Louis 
Leger, Montreal. 

Dr. Edward B. D. Neuhauser of Boston, 
Massachusetts, was elected to Honorary 
Membership in the Association prior to his 
presentation of the 1961 Gordon E. 
Richards Memorial Lecture. Dr. Neuhau- 
ser is Radiolog st-in-Chiet of The Children's 
Hospital Medical Center in. Boston. and 
Clinical. Professor of Radiologv, Harvard 
Medical School. 

The 1962 Annual Meeting will be held in 
Winnipeg, with scientific sessions begin- 
ning January 22 and continuing through 
January 24, at the Marlborough Hotel. 


INTER-AMERICAN CONGRESS 
ОК RADIOLOGY 

The Americar College of Radiology, the 
American Roentgen Ray Society, the 
Radiological scciety of North America, 
the American Radium Society, and the 
Section of Radiology of the American 
Medical Associztion have appointed their 
representatives to form an American dele- 
gation to the 7th Inter-American Congress 
of Radiology to be held in Sao Paulo, 
Brazil, September 3-10, 1961. 

The following are the members of the 
American delegation appointed for these 
societies: Eugene P. Pendergrass, M.D., 
Chairman, Thomas Bond, M.D., Lois C. 
Collins, M.D., J. A. del Regato, M.D., 
Philip J. Hodes, M.D., Jesshill Love, M.D., 
and Wendell Scott, M.D. 


AMERICAN ASSOCIATION OF 

PHYS_CISTS IN MEDICINE 
. The American Association of Physicists 
in Medicine adopted its first formal consti- 
tution and elected its first set of permanent 
officers unde- the new structure at the 
Annual Meetirg in Cincinnati, Ohio, in 
December. 

The constitution opens membership only 
to individuals who are primarily and profes- 
sionally engaged in the application of phvs- 
ics to medicine and biology in medical in- 
stallations, research or educational institu- 
tions. The objectives of the Association are 
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to encourage interest and training in 
medical physics and related fields, to pre- 
pare and disseminate technical information 
in medica! physics and related fields, to 
secure and maintain high professional 
standarcs for physicists in medicine and 
biology imd to serve and represent their 
professional interests. 

There are 132 charter members of the 
Associat om. Officers elected by its Board 
of Directers for 1961 are Warren K. Sin- 
clair, Argonne National Laboratory, 
President; John Hale, University of Penn- 
svlvania Hospital, Vice President; Charles 
S. Simons, University of Michigan Hos- 
pital, Secmetary-Treasurer. 

Inquiries about membership and activ- 
ities of the Association may be directed to 
Dr. Simons at the Radiation Therapy 
Center, Ann Arbor, Michigan. 


COURSE IN RADIOLOGICAL PHYSICS 


A one year course in radiological phys- 
ics, leading to the degree of Master of 
Science, is offered under the auspices of the 
Department of Radiology of the College of 
Physiciens and Surgeons of Columbia 
Univers tv. It is designed to prepare candi- 
dates te carry out all the functions of a 
physicist in a hospital department of 
radiology; it would also furnish a founda- 
tion for those who wish to engage in re- 
search or applications in radiologic physics, 
radiation protection, and dosimetry. The 
course imcludes lectures, seminars, con- 
ferences, and laboratory work. Topics 1n- 
cluded are elementary and advanced 
radiologie physics, electronics, radiation 
standardization and protection, radioactive 
isotopes, biostatistics, radiobiology, 1n- 
strumert design, and clinical applications 
of radiation physics. Prerequisite for ad- 
mission is a bachelor’s degree with a major 
or stromg minor in physics, or equivalent 
scholastic background, and a good aca- 
demic record. A knowledge of general 
chemistry and general biology is very de- 
sirable. 

As pac of its national program for the 
training of radiological health specialists, 
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the Division of Radiological Health, Public 
Health Service, has awarded a grant to the 
University enabling financial assistance to 
qualified candidates. This aid will be in the 
form of tuition waiver as well as monthly 
stipend allowances. Applicants must be 
citizens of the United States or have filed a 
Declaration of Intent. Preference will be 
given to candidates who are sponsored by 
public health agencies for work in their 
area of responsibility or in closely related 
fields. 

Inquiries should be addressed to Dr. 
Н. Н. Rossi, 630 W. 168th Street, New 
York 32, New York. 


OHIO STATE RADIOLOGICAL SOCIETY 


The Annual Meeting of the Ohio State 
Radiological Society will be held at the 
Deshler-Hilton Hotel in Columbus, Ohio, 
on May 19-21, 1961. A very interesting 
program has been arranged. Please write to 
Dr. Paul D. Meyer, 125 S. Grant Avenue, 
Columbus, Ohio, for further details. 

REGISTRATION FOR THE SEVENTH 
INTER-AMERICAN CONGRESS 
OF RADIOLOGY 

The Seventh Inter-American Congress 
of Radiology will be held in São Paulo, 
Brazil, September 3 to 10, 1961 in connec- 
tion with the Eighth Brazilian Radiological 
Congress. 

Registration applications and brochures 
concerning the Congress may be obtained 
by writing the Secretary General, Dr. 
Walter Bonfim Pontes, Rua Marconi n.° 
94, 2." and Sao Paulo, Brazil. 


Registration fees: 





ation until May 31, 1901: 
(a) Effective members......... $35.00 
(b) Accompanying members.... $25.00 
(c) Associate members.. $30.00 


I[—After May 31, 
(a) Effective members......... $50.00 
(b) Accompanying members.... $40.00 
(c) Associate members.......... $45.00 
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Registrations may be received until July 


31, 1961. 


Members: АП members of Societies or 
Associations of Radiology and Nuclear 
Medicine of the Continent and those in- 
vited from other regions may participate in 
the Congress. Besides physicians, physi- 
cists, biologists, engineers, etc., recom- 
amended by a Society or Radiological Asso- 
ciation of their country, are invited to sub- 
mit their registrations. 

Categories of members: (a) Effective 
members: Members of the Radiological 
Societies or Associations presented by the 
Counsellor of the Inter-American College 
or Brazilian College of Radiolcgv. Thev 
have the privilege to share in the scientific 
and social activities, exhibitions and publi- 
cations of the Congress. (b) Accompanving 
members: Family members are cordially 
invited to take part in the social activities 
of the Congress. Applications should be 
made in their behalf. (c) Associate mem- 
bers: Other specialists, phvsicists, engi- 
neers, and technicians, etc., presented bv 
the Societies ог Associations of Radiologv 
with approval of the Counsellor of their 
Country, may share in the Scientific and 
social activities of the Congress. 


JOSEPH AND SAMUEL FREEDMAN 
LECTURES 


Saturday and Sunday, April 22 and 
23, 1961, Dr. Harry Z. Mellins, Pro- 
fessor and Chairman, Departmen: of Radi- 
ology, State University of New York 
Downstate Medical Center, wil deliver 
the thirteenth annual Joseph and Samuel 
Freedman Lectures in Diagnostic Radiol. 
ogy at the University of Cincinnati College 
of Medicine. Radiologists desiring to at- 
tend are requested to write Dr. Benjamin 
Felson, Department of Radiology, Cin- 
cinnati General Hospital, for further de- 
tails. 


On 
April 
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RoENTGEN EXAMINATIONS IN ACUTE ABDOMIN- 
AL Diseases. Second edition. By J. Frimann- 
Dahl, M.D., Ph.D., Chief of the Roentgen 
Department, Ulleval Hospital, Oslo, Norway. 
Cloth. Price, $15.50. Pp. 518, with 446 illus- 
trations. Charles C Thomas, Publisher, 301- 
327 East Lawrence Ave., Springfield, Ill., 
1960. 


The first edition of this book 1n 1951 was an 
accumulation of useful information concerning 
the detection by roentgenologic methods of dis- 
eases which produce acute abdominal symp- 
toms. Throughout is shown the author’s know- 
ledge of abdominal anatomy and physiology, 
and his extensive clinical experience and careful 
observation. The new edition is approximately 
two-fifths larger and is even more extensively 
illustrated. 

The introduction deals with technical pro- 

cedures, the methods of handling the acutely ill 
patient, and evidence of disease to look for 
when the roentgenogram is examined. The au- 
thor mentions the use of high voltage roentgen 
rays and heavy filtration to reduce body dose 
but, correctly, he emphasizes the importance of 
an adequate examination because of the im- 
mediate threat to the patient's life inherent in 
many acute abdominal conditions. The first 
three chapters should be required reading as an 
introduction to diagnostic radiology, not only 
for beginners in this specialty but also for 
surgical trainees. The remaining chapters offer 
valuable information of use to all radiologists 
dealing with the specific conditions discussed 
therein. Even one carefully described case may 
teach an important lesson. 
" The book is profusely illustrated and the re- 
productions are good. In many places informa- 
tion is conveniently summarized in the form of 
diagrams. The effect of trauma on abdominal 
organs and other structures is reviewed. 

This book is a worthy successor to the first 
edition and will continue to be a valuable source 
of information for many years. 


Ross Согрех, M.D. 


Tumors or CHILDHOOD; A CLINICAL TREATISE. 
By Harold W. Dargeon, M.D., Attending 


Pediatidan and Chief, Pediatric Service, 
Memo-ia Hospital for Cancer and Allied 
Diseases. Attending Pediatrician, St. Luke's 
Hospital. and Associate Professor of Clinical 
Pediat-ics, Cornell University Medical Col- 
lege, New York. Cloth. Price, $20.00. Pp. 476, 
with numerous illustrations. Раш B. 
Hoebe-, Inc., 49 East 33rd St., New York 16, 
MN. Tag 000, 


This book, subtitled “A Clinical Treatise,” 1s 
divided into two parts with the first devoted to 
general considerations and the second to spe- 
cific tumors. The author, chief of the pediatric 
service at Memorial Hospital for Cancer and 
Allied D seases, has long been known to pedia- 
tricians because of his interest in and devotion 
to the prob ems of his clinical field as they apply 
to the -oanger age groups. His book, long 
awaited эу those who have felt the need of an 
authoritztive text in this area, is, to this re- 
viewer, a bt of a disappointment. After reading 
it one is le't with the impression that it is too 
long and d ffuse to be an intimate summary of 
the author з beliefs, vet much too incomplete to 
be the deñnitive reference in childhood on- 
cologv. 

While tke dust jacket refers to experience 
with mone ‘han 6,000 children seen at Memorial 
Hospital. most of the data presented appear to 
be based on roughly 3,300 cases, almost equally 
divided between malignant and benign, col- 
lected from Memorial Hospital and the tumor 
registry ower a thirty year period which ter- 
minated in 1956. This cutoff date would also 
seem to represent completion of the manu- 
script, snee there are few references to work 
publishel during the past four or five years. 

It is s ated that this book is intended for the 
clinician and, from the age group with which it 
deals, it is primarily for the pediatrician. He 
will definitely profit from a reading of the first 
section where the author speaks, with the 
authorit his position commands, on the gen- 
eral phiosophy of therapy and patient care. 
One тісте take exception to some of the views, 
such as a routine rectal examination at three 
months of age and thereafter each six months 
until age ‘eur—the thought might be good but 
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the reviewer personally would be happy could 
he be assured that a careful palpation of the 
abdomen was done at these intervals. Later, an- 
other surprise, "Women with known cancer 
should be made aware that the fetus may be- 
come diseased if the primary tumor metas- 
tasizes to the placenta or involves it directly 
from the uterine wall,"— it might seem that 
bearing the burden of active cancer and preg- 
nancy was a sufficient load without this bit of 
extraneous information. 

In the second part of the book, covering 
specific tumors, the sections on cancer of bone, 
the neuroblastoma group, and the leukemia- 
Iymphoblastoma family are quite useful and 
complete but in other areas, where frequent 
questions arise in pediatric practice, the text is 
inadequate for a reasonably trained specialist. 
It is impossible, for instance, to obtain a concise 
impression of how the physician might proceed 
to study an enlargement of the thvroid or 
parotid gland, or where he would start when 
confronted with sexual or somatic precocity at 
any age. Brain tumors are dealt with in some 
ten pages (including tables and charts), while 
spinal cord tumors are allotted less than three 
pages and the fascinating problem of function- 
ing adrenal tumors is discussed in two pages. 

The illustrations are generally good and in 
some chapters, such as the one on bone tumors, 
the reproduction of roentgenograms which are 
well chosen is excellent. 

PauL V. Woo.tey, Jr., M.D. 


ANNUAL Review or Mepicine. Volume 11. 
Edited by David A. Rytand, Stanford Uni- 
versity School of Medicine; and William Р. 
Creger, Stanford University School of Medi- 
cine. Cloth. Price, $7.00. Pp. 453. Annual 
Reviews, Inc., 231 Grant Ave., Palo Alto, 
Calif: тобо. 


The latest volume in this excellent series of 
reviews presents 23 concentrated discussions on 
major medical topics. The subject matter has 
been wisely selected and the essavs, though 
brief, show careful, critical preparation and 
editing. 

These reviews, by pointing up the important 
and the useful, should be helpful to the physi- 
cian who wants to keep abreast of the develop- 
ments in medicine. 


WiLLIAM S. Reveno, M.D. 
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X-Ray  TEeuwoLocv. Second edition. By 
Charles A. Jacobi, B.Sc., R.T.(A.R.X.T.), 
M.T.(A.S.C.P.), Chairman, Medical X-Ray 
Technology, Oregon Technical Institute, 
Oretech Branch, Klamath Falls, Oregon; 
Chairman, Education Committee, Oregon 
Society of X-Ray Technicians; Chairman, 
Education Committee, Northwest Confer- 
ence of X-Ray Technicians; formerly, Chief 
X-Ray and Medical Technologist, Medical 
Services Division, Atomic Energy Commis- 
sion, National Reactor Testing Station, 
Idaho Falls, Idaho; and Donald E. Hagen, 
R.T.(A.R. X. T), Technical Supervisor for 
C. Todd Jessell, M.D., and George R.Satter- 
white, M.D., Radiologists, Portland, Oregon; 
formerly, Instructor, Medical X-Ray Tech- 
nology, Oregon Technical Institute, Oretech 
Branch, Klamath Falls, Oregon. Cloth. 
Price, $10.00. Pp. 452, with 320 illustrations. 
C. V. Mosby Co., 3207 Washington Blvd., 
St. Louis 3, Mo., тобо. 


This book has been written primarily as a 
basic text for use by x-ray technicians who are 
beginning their training. The early chapters are 
devoted to a discussion of the fundamental 
physical concepts of roentgen-ray production 
and use. The ethical considerations of the 
technician's role and his responsibilities in radi- 
ation protection are well presented. 

The body of the text is concerned with a 
systematic review of the human anatomy and 
the various techniques for roentgenographically 
examining each part. This is well illustrated 
with photographs of the standard positions and 
corresponding roentgenograms. Information re- 
garding the use of cones, the Bucky ciaphragm, 
necessary positioning devices, film size and ex- 
posure technique is included for each area to be 
studied. The value of the chapters on gastro- 
intestinal and other special examinations is 
enhanced by instructions regardirg patient 
preparation, general conduct of the examina- 
tion and duties of the technician during each 
procedure. 

This book is recommended as a basic text for 
technicians who are in the early stages of their 
career. It can also serve as a reference source 
for those who have mastered the fundamentals. 


Davip Morse, Jr., M.D. 
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ConGENITAL MALFORMATIONS OF THE HEART. VOL- 


UME II: Specrric MALFORMATIONS. Second edi- 
tion. By Helen B. Taussig, M.D., Professor of 
Pediatrics, Johns Hopkins University School of 
Medicine; Physacian-in-Charge, Cardiac Clinic, 
Harriet Lane Home, Johns Hopkins Hospital. 
Cloth. Price, $17.50. Pp. 1049, with numerous 
illustrations. Published for The Commonwealth 
Fund by the Harvard University Press, Cam- 
bridge 38, Mass., тобо. 


Cisica Use or Rapiorsorores; A MANUAL OF 


TECHNIQUE. Second edition. Edited by Theodore 
Fields, M.S., F.A.C.R. (Assoc.), Chief, Physics 
Section, Radioisotope Service, Veterans Admin- 
istration Hospital, Hines, Illinois; Instructor in 
Radiology, Northwestern University Medical 
School; Attending Physicist, Cook County Hos- 
pital, Chicago, Ilinois; Certified Medical Nuclear 
Physicist, American Board of Radiology; and Lin- 
don Seed, M.D Clinical Associate Professor of 
Surgery, University of Illinois College of Medicine; 
Director of Isotope Laboratories, Augustana Hos- 
pital, Chicago, Illinois, and Oak Park Hospital, 
Oak Park, Illinois; Consultant in Radioisotopes, 
Veterans Administration Hospital, Hines, Illinois. 
Cloth. Price, $10.50. Pp. 475, with 77 illustrations. 
Year Book Publishers, Inc., 200 E. Illinois St., 
Chicago тт, IM., 166r. 


ADIATION PROTECTION AND Dentistry. The Post- 


graduate Dental Lecture Series. By Arthur H. 
Wuehrmann, D.M.D., University of Alabama 
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School o Dentistry, Birmingham, Alabama. 
Cloth. Этте, $6.50. Pp. 238, with 48 illustrations. 
C. V. Mesby Co., 3207 Washington Blvd., St. 
Louis 5, Mo., 1960. 


Sare Harp inG or КАШО1$ОТОРЕ$; HEALTH Puys- 


ics ApbpEr DUM. Safety Series No. 2. By G. J. Ap- 
pletor of the United Kingdom Atomic Energy 
Author ty; and P.N. Krishnamoorthy of the Atom- 
ic Energ- Establishment at Trombay, India. 
Paper. Prce, $1.50. Pp. 120. International Atomic 
Energy Agency, Kärntner Ring, Vienna 1, Austria, 
1960. Dastributed in the United States and 
Canade w the National Agency of International 
Publications, Inc., 801 Third Ave., New York 22, 
М. X. 


Sare НАХШАХМС or RapiorsororEgs; MepicaL AD- 


DEND"' я. Safety Series No. 3. By Dr. F. Herčík of 
the Czecioslovakian Academy of Sciences; and 
Dr. H. Jammet of the Nuclear Research Center at 
Saclay. Paper. Price, $1.50. Pp. 80. International 
Atomic Fnergy Agency, Karntner Ring, Vienna 
1, Austrm, 1960. Distributed in the United States 
and Canada by the National Agency of Inter- 
national Publications, Inc., 801 Third Ave., New 


York a 2N. Y. 


SIMULTANE@US BILIGRAPHY; TECHNIC AND INTER- 


PRETATION; A REFRESHER Course, By Oscar M. 
Weaver, Jr., M.D., D.A.B.R., Stevens Clinic Hos- 
pital, Welch, West Virginia. Paper. Pp. 138. Su- 
perior (mce Supply, Inc., Department S-6o, Box 
591, Welch, West Virginia, 1960. 
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MEETINGS OF RADIOLOGICAL SOCIETIES* 


UNITED STATES OF AMERICA 


AMERICAN ROENTGEN Ray Society 
Secretary, Dr. C. Allen Good, Mayo Clinic, Rochester, 
Minn. Annual meeting: Deauville Hotel, Miami Beach, 
Fla., Sept. 26-29, 1961. 

AMERICAN RADIUM SOCIETY 
Secretary, Dr. Charles С. Stetson, 350 Ergle Street, 
Englewood, N. J. Annual meeting: Broadmoor Hotel, 
Colorado Springs, Colo., May 10-14, 1961. 

RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Secretary, Maurice Doyle Frazer, 1037 Stuart Bldg., 
Lincoln, Neb. 

Treasurer, Dwight Vincent Needham, 713 F. Genessee 
St., Syracuse, N. Y. Annual Meeting: Palmer House, 
Chicago, Ill., Nov. 26-Dec. 1, 1961. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Director, William C. Stronach, 20 N. Wacker 
Drive, Chicago 6, Illinois. Annual meeting: Roosevelt 
Hotel, New York, М. Y. Feb. 7-10, 1962. 

SECTION ON RADIOLOGY, AMERICAN MEDICAL А :50СІАТІОМ 
Secretary, Dr. Clyde A. Stevenson, Sacred Heart Hospi- 
tal, West тог Eighth Ave., Spokane 4, Wash. Annual 
meeting: New York City, June 26-30, 1961. 

AMERICAN Boanp or RADIOLOGY 
Secretary, Dr. H. Dabney Kerr. Correspondeace should 
be directed to Kahler Hotel Building. Rochester, Minn. 
The Spring 1961 examination will be held at the Denver 
Hilton Hotel, Denver, Colorado, June 19-22. inclusive; 
the deadline for filing applications was January 1, 1961. 
There will be no Special Examination in Nuc ear Medi- 
cine. The Fall 1961 examination will be h-ld at the 
Shoreham Hotel, Washington, D. C., December 4-7, in- 
clusive; the deadline for filing applications is July 1, 
1961. A Special Examination in Nuclear Medicine will 
be offered 1f there are sufficient applications. 

AMERICAN ASSOCIATION OF Puysicists IN MEDICINE 
Secretary-Treasurer, Charles S. Simons, Unversity of 
Michigan Hospital, Ann Arbor, Mich. Annual meeting 
to be announced. 

TENTH INTERNATIONAL CONGRESS OF RADIOLOGY 
Secretary-General, Dr. Carleton B. Peirce, Eoyal Vic- 
toria Hospital, Montreal 2, Quebec, Canada Meets in 
Montreal, Aug. 26-Sept. 1, 1962. 

SEVENTH INTER-AMERICAN CONGRESS OF RADIOLOGY 
Counselor for the United States, Dr. J. A. del Regato, 
Penrose Cancer Hospital, 2200 North Cascace Avenue, 
Colorado Springs, Colorado. The meeting will be held in 
São Paulo, Brazil, September 3-10, 1961. 
Secretary-General, Dr. Walter Bomfim-Portes, Rua 
Cesario Motta, No. 112, Sáo Paulo. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Executive-Secretary, Octave J. Du Temple, 8€ E. Ran- 
dolph St., Chicago, Ill. 

ARIZONA RADIOLOGICAL SOCIETY 
Secretary, Dr. Don E. Matthieson, 926 East McDowell 
Rd., Phoenix, Ariz. Two regular meetings a year. Annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Secretary, Dr. J. B. Scruggs, Arkansas Baptist Hospital, 
Little Rock, Ark. Meets every three months and also at 
time and place of State Medical Association. 


ASSOCIATION OF UNIVERSITY RADIOLOGISTS 
Secretary, Dr. Melvin M. Figley, Department of Radi- 
ology, University of Washington, Seattle 5, Wash. 
Annual meeting to be announced. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Wilson T. Edenfield, 35 Linden Ave., N.E., 
Atlanta 8, Ga. Meets monthly, except during three sum- 
mer months, on second Friday evening. 

Віоскіү RADIOLOGICAL SOCIETY 
Secretary, Dr. Samuel Finkelman, 101 S. Twentieth St. 
Philadelphia, Pa. 

Brook yn RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph Агсотапо, 168 Clinton St., Brook- 
lyn 1, N. Y. Meets first Thursday of each month October 
through May. 

BurrALo RADIOLOGICAL SOCIETY 
Secretary, Dr. Kenneth H. Seagrave, 537 Delaware Ave., 
Buffalo 2, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CENTRAL New Үокк RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph A. Head, 150 Marshall St., Syra- 
cuse, N. Y. Meets first Monday each month October 
through May. 

CENTRAL Онто RADIOLOGICAL SOCIETY 
Secretary, Dr. Robert L. Freidman, Grant Hospital, 
Columbus, Ohio. Meets at 6:30 P.M. on secord Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 

CENTRAL SOCIETY ОЕ NUCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, Ill. 

CurcAco RoENTGEN SOCIETY 
Secretary, Dr. William F. Hutson, 5145 N. California 
Ave., Chicago, Ill. Meets second Thursday of each 
month, October to Aprilexcept December at the Sheraton 
Hotel at 8:00 P.M. 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Norman E. Berman, 14404 S. Park Blvd., 
Shaker Hgts. 20, Ohio. Meetings at 7:00 P.M. on fourth 
Monday of each month from October to Ap-il at Tudor 
Arms Hotel. 

CoLonApo RADIOLOGICAL SOCIETY 
Secretary, Dr. Bertram L. Pear, 3705 East Colfax Ave., 
Denver 6, Colo. Meets third Friday of each month at 
Denver Athletic Club from September through May. 

Connecticut VALLEY RADIOLOGIC SOCIETY 
Secretary, Dr. James L. Krieger, 85 Jefferson St., Hart- 
ford, Conn. Meets first Friday in February and April. 

Darras-Fonr WonrH RADIOLOGICAL SOCIETY 
Secretary, Dr. F. J. Bonte, 5201 Harry Hines Blvd., 
Dallas 35, Texas. Meets monthly, third Monday, at 
Greater Fort Worth International Airport at 6:30 P.M. 

Detroit RoENTGEN Ray AND RADIUM SOCIETY 
Secretary, Dr. Kenneth L. Krabbenhoft, Harper Hos- 
pital, Detroit 1, Mich. Meets monthly first Thursday, 
October through May, at David Whitney House, 1010 
Antietam, at 6:30 P.M. 

East Bay RoENTGEN SOCIETY 
Secretary, Dr. Dan Tucker, 434 3oth St., Oakland о, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

East TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. J. Marsh Frere, Jr., 205 Medica Arts 
Building, Knoxville, Tenn. Meets in January and Sep- 
tember. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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EASTERN CONFERENCE OF RADIOLOGY 
Secretary, Arrangements Committee, Dr. Philip Myers, 
Baltimore City Hospital, Baltimore 24, Md. Annual 
meeting to be announced. 

EASTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. John D. Osmond, Jr., Euclid-Glenville 
Hospital, Cleveland 19, Ohio. Meets at Mid Pines Club 
Southern Pines, №. C., April 16-19, 1961. 

FLoRiDA RADIOLOGICAL SOCIETY 
Secretary, Dr. Alfred С. Levin, 837 DuPont Bldg., Miami, 
Fle. Meets twice annually, in the spring with the annual 
State Society Meeting, and in the fall. 

FLoripa West Coast RADIOLOGICAL SOCIETY 
Secretary-Treasurer, Dr. Joseph C. Rush, 1800 Druid Rd., 
Clearwater, Fla. 

СЕОЕС1А RADIOLOGICAL SOCIETY 
Secretary, Dr. George W. Brown, Griffin, Ga. Meets 
in spring and fall with Annual State Society Meeting. 

GREATER MIAMI RADIOLOGICAL SOCIETY 
Secretary, Dr. Donald H. Altman, 2751 Coral Way, 
Miami, Fla. Meets monthly third Wednesday at 8 P.M. 
at Jackson Memoria! Hospital, Miami, Fla. 

GREATER Sr. Lovis ЅССІЕТҮ OF RADIOLOGISTS 
Secretary, Dr. William E. Powers, St. Louis, Mo. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. John Douglas Reeve, Texas Medical Cen- 
ter Library, Jesse H. Jones Library Bldg., Houston 25, 
Texas. Meets last Monday each month, Seminar Room, 
Doctors’ Club of Houston. 

[рано STaTE RADIOLOGICAL SOCIETY 
Secretary, Dr. Claude W. Barrick, St. Alphonsus Hos- 
pial, Boise, Idaho. Meets in the Spring and Fall. 

ILLINOIS RADIOLOGICAL SOCIETY 
Secretary, Dr. George A. Miller, Carle Hospital Clinic, 
Urbana, Ill. Meets im spring and fall. 

Inprana RoENTGEN Society, Inc. 

Secretary, Dr. David E. Wheeler, 1500 North Ritter, 
Indianapolis, Ind. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

lowa RADIOLOGICAL SOCIETY 
Secretary, Dr. L. L. Maher, 1419 Woodland Ave., Des 
Moines, Iowa. Luncheon and business meeting during 
arnual session of Icwa State Medical Society. The scien- 
tific section is held in the autumn. 

K ansas RADIOLOGICAL SOCIETY 
Secretary, Dr. Lewis С. Allen, 807 Huron Bldg., Kansas 
City, Kansas. Meets in spring with State Medical So- 
ciety, and in winter on call. 

Kentucky RADIOLOGICAL SOCIETY 
Secretary, Dr. Lawrence A. Davis, 226 East Chestnut 
St., Louisville, Kv. Meets monthly on second Friday at 
Seelbach Hotel, Louisville. 

Kix5s County RADIOLOGICAL SOCIETY 
Secretary, Dr. Ab-aham Berens, 1917 Bedford Ave., 
Brooklyn 25, N. Y. Meets Kings County Med. Soc. 
Bldg. monthly on fourth Thursday, October to May, 
8:45 P.M. 

l'os ANGELES RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter Stilson, 1720 Brooklyn Ave., Los 
Angeles, Calif. Meets second Wednesday of month in 
September, Novem ber, January, April and June at Los 
Angeles County Medical Association Building, Los 
Angeles. 

Marne RADIOLOGICAL SOCIETY 
Secretary, Dr. Albert A. Poulin, Thayer Hospital, Water- 
ville, Maine. Meets in June, September, December and 
April. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimore 17, Md. 

MEMPHIS ROENTGEN SOCIETY 
Secretary, Dr. Hollis H. Halford, Kennedy V.A. Hospital, 
Department of Radiology, Memphis 15, Tenn. Meets 
first Monday of each month at John Gaston Hospital. 
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Miami VaLLeY RADIOLOGICAL. SOCIETY 
Secretary, Dr. William D. Roberts, 2197 Los Arrow Dr., 
Dayton c, Chio. Meets second Friday of fall and winter 
months. 

Мір-Норѕок RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph Sorrentino, St. Francis Hospital, 
Poughkeepsie, N. Y. Meets 8:30 P.M., fourth Wednesday 
each month, September to May. 

MirLwaukEs EoENTGEN Ray SOCIETY 
Secretary. Dr. Joseph F. Wepfer, sooo W. Chambers St., 
Milwaukee то, Wis. Meets monthly on fourth Monday, 
October rough May, at University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary. Dr. Donald H. Peterson, 853 Medical Arts 
Bldg., M-ureapolis 2, Minn. Meets three times annually, 
in fall, water and spring. 

М1551851РР: RADIOLOGICAL SOCIETY 
Secretary, Wr. Jack K. Goodrich, University Medical 
Center, Jackson, Miss. Meets third Thursday of each 
month a: Hotel Edwards, Jackson, at 6:00 P.M. 


MONTANA RADIOLOGICAL SOCIETY 
Secretary, Wr. J. K. Boughn, 35 11th Ave., Helena, 
Montane. Meets at least once a year. 


Nassau RADIOLOGICAL SOCIETY 
Secretary, Dr. Alan E. Baum, 100 Nowbridge Rd., 
Hicksville, N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 


NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. Ronald E. Waggener, The Radiologic 
Center, Nebraska Methodist Hospital, Omaha 31, Ne- 
braska. Meets third Wednesday of each month at 6 P.M. 
in Omaha or Lincoln. 

New Encras хо RoentcEN Ray Society 
Secretary, Dr. Robert Е. Wise, 605 Commonwealth Ave., 
Boston 15, Mass. Meets third Friday of each month, 
October through May at The Longwood Towers, Brook- 
line, Mass. 

New Hameseare RoeNnTGEN Ray SOCIETY 
Secretary, Br. Paul Y. Hasserjian, 1470 Elm St., Man- 
chester, N. H. Meets four to six times yearly 

New York ROENTGEN SOCIETY 
Secretary, Wr. Albert A. Dunn, 622 W. 168th St., New 
York, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine at 4:30 P.M. 

NonTH Camoiina RADIOLOGICAL SOCIETY 
Secretarz, Dr. A. B. Croom, 624 Quaker Lane, High 
Point, №. ©. Meets in the spring and fall each year. 

Nortu Decora RADIOLOGICAL SOCIETY 
Secretar>, Dr. R. F. Raasch, Post Office Box 990, Dickin- 
son, Nath Dakota. Meets at time of State Medical 
Association meeting. Other meetings arranged on call 


of the President. 


NonTH Fusxr04 RADIOLOGICAL SOCIETY 
Secretar», Dr. Charles H. Newell, 800 Miami Road, 
Jacksons le 7, Fla. Meets quarterly in March, June, 
September and December. 

NORTHEASTERN New York RADIOLOGICAL SOCIETY 
Secretarz, Dr. Lester 1. Citrin, St. Mary's Hospital, 
Troy, Ñ. Y. Meets in Albany area on second Wednes- 
day of Ceteber, November, March and April. 

NORTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretar», Dr. Rob H. Kirkpatrick, 1219 28th St., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Онто STATE RADIOLOGICAL SOCIETY 
Secretar?, Dr. Paul D. Meyer, 125 S. Grant Ave., 
Columbus, Ohio. Annual meeting: Deshler-Hilton Hotel, 
Columbus, Ohio, May 19-21, 1961, 

OKLAHOM^ ЅтАТЕ RADIOLOGICAL SOCIETY 
Secretary, Dr. E. D Greenberger, Medical Arts Bldg., 
McAles-er, Okla. Meets in January, May and October. 
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OreEGON RADIOLOGICAL SOCIETY 
Secretary, Dr. George R. Satterwhite, 1123 S.W. Yamhill, 
Portland, Ore. Meets monthly from October to June on 
the second Wednesday of each month at 8:00 Р.м. at the 
University Club. 

ORLEANS PARISH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets second Tuesday of each month. 

Paciric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary, Dr. John N. Burkey, 555 Dental Bldg., 
Seattle, Wash. Annual meeting: Portland, Oregon, May, 
1961. 

Paciric RogNTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets annually during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Frederick R. Gilmore, 234 State St., Har- 
risburg, Pa. Annual meeting: Bedford Springs Hotel, 
May 26-27, 1961. 

PHILADELPHIA ROENTGEN Ray SOCIETY 
Secretary, Dr. Robert B. Funch, Department of Radi- 
ology, Germantown Hospital, Philadelphia 44. Pa. Meets 
first Thursday of each month, at 5 P.M., from October to 
May in Thompson Hall, College of Physicians. 

PITTSBURGH ROENTGEN SOCIETY 
Secretary, Dr. Ross H. Smith, St. Margaret Memorial 
Hospital, Forty-Sixth St., Pittsburgh 1, Pa. Meets sec- 
ond Wednesday of month, October through June at Park 
Schenely Restaurant. 

RADIOLOGICAL Section, BALTIMORE MEDICAL SOCIETY 
Secretary, Dr. James K. V. Willson, 1100 N. Charles 
St., Baltimore 1, Md. Meets third Tuesday each month, 
September to May, inclusive. 

RADIOLOGICAL SOCIETY OF GREATER CINCINNATI 
Secretary, Dr. Donald Janny, Cincinnati, Ohio. Meets 
monthly from September to May on first Monday of each 
month at 7:30 р.м. at the Cincinnati General Hospital. 

RapDIOLoGIcAL Socirty oF HAWAII 
Secretary, Dr. Philip S. Arthur, 274 Young Hotel Bldg., 
Honolulu, Hawaii. Meets third Monday of each month 
at 7:30 P.M. 

RADIOLOGICAL SOCIETY OF GREATER Kansas Crry 
Secretary, Dr. J. Stewart Whitmore, 1010 Rialto Bldg., 
Kansas City, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society or Kansas CITY 
Secretary, Dr. Arthur В. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SOCIETY OF LOUISIANA 
Secretary, Dr. Robyn Hardy, 4324 Magnolia St., New 
Orleans 15, La. Meets annually during Louisiana State 
Medical Society meeting. 

RADIOLOGICAL SOCIETY OF NEW JERSEY 
Secretary, Dr. Austin J. Tidaback, 912 Prospect Ave., 
Plainfield, N. J. Meets at Atlantic City at time of State 
Medical Society meeting and in November in Newark, 
N. J. 

Toss MEM Society or New York STATE 
Secretary-Treasurer, Dr Mario С. Gian, 610 Niagara St., 
Buffalo 1, N. Y. Annual meeting to be announced. 

RADIOLOGICAL SOCIETY OF SouTH DAKOTA 
Secretary-Treasurer, Dr. Donald J. Peik, 303 S. Minne- 
sota Ave., Sioux Falls, S. D. 

RADIOLOGICAL SOCIETY OF SOUTHERN CALIFORNIA 
Secretary, Dr. Joseph F. Linsman, 436 N. Roxbury Dr., 
Beverly Hills, Calif, 

Repwoop Empire RADIOLOGICAL SOCIETY 
Secretary, Dr. Lee E. Titus, 164 W. Napa St., Sonoma, 
Calif. Meets second Monday every other month. 

RicHMOND County RADIOLOGICAL SOCIBTY 
Secretary, Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

Rocurster Rorntaan Ray Sociaty, Коснаѕтак, N. Y. 
Secretary, Dr, Robert H. Greenlaw, 260 Crittenden Blvd., 
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Rochester 20, N. Y. Meets at 8:15 Р.м. on the last Mon- 
day of each month, September through May, at Strong 
Memorial Hospital. 

Rocky Mountain RADIOLOGICAL SOCIBTY 
Secretary, Dr. John H. Freed, 4200 East Ninth Ave., Den- 
ver 20, Colo. Annual meeting: Denver Hilton Hotel, 
Denver, Colo., Aug. 10-12, 1961. 

San Anton1o-MILITARY RADIOLOGICAL SOCIETY 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets third Wednesday 
each month in Fort Sam Houston Officer's Club at 6:30 
P.M. 

San DiEco RADIOLOGICAL SOCIETY 
Secretary, Dr. Stanley A. Moore, 2466 First Ave., San 
Diego 1, Calif. Meets first Wednesday of ezch month at 
the University Club. 

San Francisco RADIOLOGICAL SOCIBTY 
Secretary, Dr. M. A. Sisson, 450 Sutter St., San Francis- 
co 8, Calif. Meets quarterly at the San Francisco Medi- 
cal Society, 250 Masonic Ave., San Francisco 18, Calif. 

Section ох Rapio.ocy, CALIFORNIA MEDICAL ASSOCIATION 
Secretary, Dr. William H. Graham, 630 East Santa Clara 
St., San Jose, Calif. 

Section on Raprotocy, Connecticut Stats MEDICAL 
SOCIETY 
Secretary, Dr. Wayne P. Whitcomb, Hospital of St. 
Raphael, New Haven, Conn. Meetings are held bi- 
monthly. 

Section on RapioLocy, МЕрІСАІ Sociery ОЕ тнв Dis- 
TRICT OF COLUMBIA 
Secretary, Dr. William E. Sheely, 1746 K St., N.W., 
Washington 6, D. C. Meets at Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 Р.М. 

Section on RaprioLocy, ILLINoIs Stata Maprcat Society 
Secretary, Dr. William Meszaros, 1825 W. Harrison St., 
Chicago, Ill. 

SECTION ON RADIOLOGY, SOUTHERN MEDICAL ASSOCIATION, 
Secretary. Dr. Seymour Ochsner, Ochsner Clinic, 3503 
Prytania St., New Orleans 15, La. Annual meeting to be 
announced. 

SHREVBPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, «t 7:30 P.M., 
September to May inclusive. 

Society FoR PEDIATRIC RADIOLOGY 
Secretary, Dr. Richard G. Lester, 412 Union St., S.E., 
Minneapolis 14, Minn. Annual meeting: Deaville Hotel, 
Miami Beach, Fla., Sept. 25, 1961. 

Society oF Nuciear MEDICINB 
Secretary, Dr. Robert W. Lackey, 452 Metropolitan 
Bldg., Denver 2, Colo. Administrator, Samuzl N. Turiel, 
430 N. Michigan Ave., Chicago 11, Ill. Annaal meeting: 
Penn Sheraton Hotel, Pittsburgh, Pa., June 14-17, 1961. 

Sours Bay RADIOLOGICAL SOCIBTY 
Secretary, Dr. Stanford B. Rossiter, 1111 University Dr., 
Menlo Park, Calif. Meets second Wednesday of each 
month. 

SoutH CAROLINA RADIOLOGICAL SOCIBTY 
Secretary, Dr. George W. Brunson, 1406 Gregg St., 
Columbia, S. C. Annual meeting (primarily business) 
in conjunction with the South Carolina Medical Associa- 
tion meeting in May. Annual fall scientific meeting at 
time and place designated by the president 

SOUTHERN RADIOLOGICAL CONFERENCE 
Secretary, Dr. Marshall Eskridge, Mobile Infirmary, 
P.O. Box 4097, Mobile, Ala. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. Ralph S. Clayton, 1501 Arizona, Bldg. 
2-A, EI Paso, Texas. Meets second Tuesday of each 
month. 

TeENNESSBB RADIOLOGICAL SOCIBTY 
Secretary, Dr. James J. Range, P.O. Box 324, Johnson 
City, Tenn. Meets annually at the time and place of 
the Tennessee State Medical Association meeting. 
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Texas КАРІОІОСІСАІ. 50СІВТҮ 
Secretary, Dr. R. P. O'Bannon, 402 Professional Bldg., 
1216 Pennsylvania Ave., Fort Worth 4, Texas. Annual 
meeting to be announced. 

TRi-SrATE КАРІОЬОСІСАІ, 50СІВТҮ 
Secretary, Dr. James К. Mathews, 118 S. E. First St., 
Evansville, Ind. Meets last Wednesday of Oct., Jan., 
March and May, 3:00 p.m. at Elks’ Club in Evansville. 

Univarsiry oF MicuicaN DaparTMant OF Ковмтовм- 
OLOGY STAFF Masrinc 
Meets each Monday evening from September to June, 
at 7:00 P.M. at University Hospital. 

Upper PENINSULA RADIOLOGICAL SOCIBTY 
Secretary, Dr. A. Gonty, Menominee, Mich. Meets 
quarterly, 

Uran Stats RaADrorocicAL ОСІВТҮ 
Secretary, Dr. Richard Y. Card, St. Mark’s Hospital, Salt 
Lake City, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

VirGINIA RADIOLOGICAL SOCIBTY 
Secretary, Dr. Powell G. Dillard, Jr., 715 Church Street, 
Lynchburg, Va. Meets annually in October. 

WASHINGTON STATB RADIOLOGICAL SOCIBTY 
Secretary, Dr. Joseph T. Houk, 14303 Ambaum Blvd., 
Seattle 66, Wash. Meets third Monday of each month 
from September through April at the University of 
Washington Medical School. 

West VIRGINIA RADIOLOGICAL SOCIBTY 
Secretary, Dr. Karl J. Myers, 112 N. Woods St., Philippi, 
W. Va. Meets concurrently with Annual Meeting of 
West Virginia State Medical Society; other meetings 
arranged by pregram committee. 

WESTCHESTER RADIOLOGICAL SocIBTY 
Secretary, Dr. Richard P. Avondu, Yonkers General 
Hospital, Park & Ashburton Ave., Yonkers, N. Y. 
Meets on third Tuesday of January and October and 
on two other dates. 

WrsconsIn RADIOLOGICAL SOCIBTY 
Secreiary, Dr. Howard С. Bayley, 116 Iroquois Parkway, 
Beaver Dam, Wis. Annual meeting each spring in vari- 
ous places, 

X-Ray Stupy Crus оғ San Francisco 
Secretary, Dr. John H. Heald, 450 Sutter St., San Fran- 
cisco 8, Calif. Meets monthly, third Thursday at 7:30 
P.M., Children’s Hospital, September through June. 


Cusa, Mexico, Puarto Rico AND CanTRAL AMBRICA 


ASOCIACIÓN DE RADIÓLOGOS DE CENTRO AMERICA Y 
PanaMA, Comprising: Guatemala, El Salvador, Hon- 
duras, Nicaragua, Costa Rica and Panama. 
oecretary-General, Dr. Julio Toriello, 11 Calle 2-37, zona 
1, Guatemala. Meets annually in a rotating manner in 
the six countries. 

SOCIEDAD DE RapicLocia DE EL SALVADOR 
Secretary, Dr. Rafael Vega Gémez. 

SOCIEDAD DE RaApIoLocia DE GUATEMALA 
Secretary, Dr. Carlos E. Escobar, 9*. Calle A 0-05, Zona 1, 
Guatemala. 

SocrEDAD DE RaproLocfa v FisrorBRAPÍA CUBANA 
Secretary, Dr. Miguel A. García Plasencia, Hospital 
Curie, 29 y F,Vedado, Habana, Cuba. Meets monthly at 
Curie Hospital. 

SOCIEDAD CosTARRICENSB DB RADIOLOGIA 
Secretary, Dr. James Fernández Carballo, Apartado VIII, 
San José, Costa Rica. 

SocrepaD Mexicana DB RapnroLocía, А. С. 

Calle del Oro No. т<. México 7, D. Е. 
Secretary-General, Dr. E. Alvarez Hernández. Meets 
first Monday of each month. 

ASOCIACIÓN PusgaTORRIQURNA Da RADIOLOGÍA 
Secretary, Dr. R. B. Díaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

ScciBDAD RapioLóGICA PANAMBNA 
Secretary, Dr. L. Arrieta Sánchez, Apartado No. 6323, 
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Panami, R. de P. Meets monthly in a department of 

radiology of a local hospital, chosen at preceding meeting. 
SocreDAD RapioLócIca DE Puerto Rico 

Secretary, Dr. César E. Rosa-Perez, Fondo del Segura del 

Estado. Parada 1, San Juan 8, Puerto Rico. Meets second 

Thursday of each month at 8:00 p.m. at the Puerto Rico 

Medica Association Bldg. in San Juan. 


British COMMONWEALTH OF NATIONS 


AssociATmow ОЕ RADIOLOGISTS OF THB Provinca OF QuEBEC 
Secretary, Dr. Odilon Raymond, 5400 Blvd. Gouin. 
Quest, “lontreal, Que. Meets four times a year. 

BRITISH NSTITUTR OF RADIOLOGY 
Honora-y Secretary, Dr. R. D. Hoare, 32 Welbeck St., 
Londor, W. 1. Meets monthly from October until May. 

Крмоктоя anD Districr RADIOLOGICAL SOCIETY 
Secretary, Dr. S. C. Windle, 105 Northgate Bldg., Ed- 
montor, Alberta. Meets first Tuesday of each month, 
Oct. to: May. 

FAcuLTY 2r RADIOLOGISTS 
Honorary Secretary, Dr. К. A. Kemp Harper, 47 Lincoln's 
Inn Fields, London, W.C.2, England. Annual meeting 
to be announced. 

SacTion »r RADIOLOGY OF THR RovAL Ѕосівтү or Mani- 
CINB ((CowriNED TO MapicaL Мамвикз), 

Meets hird Friday each month at 4:45 Р.м. at the Royal 
Socie-y cf Medicine, 1 Wimpole St., London, W. 1. 

CANADIA ^ssOCIATION OF RADIOLOGISTS 
Honoræy Secretary, Dr. Robert G. Fraser, Associate Hon- 
orary Secretary, Dr. Jean-Louis Léger, 1555 Summerhill 
Ave., Montreal 25, Que. Annual meeting: Marlborough 
Hotel, innipeg, Man., Jan. 22-24, 1962. 

MowTnz; L ЌАрІ0ІОСІСАІ, Stupy CLUB 
Secreia-y, Dr. F. McConnell, 1650 Cedar Ave., Montreal, 
Quebec Meets first Tuesday evening, October to April. 

Section oF RaDroLoGv, CANADIAN MEDICAL ASSOCIATION 
Ѕесғеѓату, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 

SOCIÉTÉ LCANADIENNE-FRANGAISE D'ELECTRO-RADIOLOGIE 
MÉDICALE 
Genera. Secretary, Dr. Maurice Dufresne, 1560 Sher- 
brooke (East), Montreal, Canada. Meets third Saturday 
each month. 

Toronto RADIOLOGICAL SOCIETY 
Secreta-y, Dr. L. К. Harnick, Toronto Western Hospital, 
399 Bathurst St., Toronto, Ontario. Meets second Mon- 
day of each month September through May. 

CoLLECEoF RADIOLOGISTS OF AUSTRALASIA 
Honcrary Secretary, Dr. E. A. Booth, c/o British Medical 
Agency, 135 Macquarie St., Sydney, N.S.W., Australia. 


SOUTH AMERICA 


ASOCIACIÓN ARGENTINA DE RADIOLOGÍA 
Secretary, Dr. Lidio G. Mosca, Avda. Gral. Paz 151, 
Córdo »a, Argentina. Meetings held monthly. 

ATENEO DE RADIOLOGIA 
Secretary, Dr. Victor A. Añaños, Instituto de Radiologia, 
Santa Fe 3100, Rosario, Argentina. Meets monthly on 
second znd fourth Fridays at 7:00 Р.м. in the Hospital 
Nacioxal del Centenario, Santa Fe 1300, Rosario. 

CorÉcie BRASILEIRO DE RADIOLOGIA 
Secretery-General, D. Camillo Segreto, Avenida An- 
gélica, 1.170, Caixa Postal 5984, São, Paulo, Brazil. 

SOCIEDA® ARGENTINA DE RADIOLOGÍA, JUNTA CENTRAL 
BuENes AIRES 
Secretary, Dr. Edgardo О, Olcese, Santa Fé 1171, Buenos 
Aires. Meetings are held monthly. 

SocrEDA® BoLivANA DE RADIOLOGÍA 
Secretary, Dr. Javier Prada Méndez, Casilla 1596, La 
Paz, Bolivia. Meets monthly. General assembly once 
every -wo years. 

SOCIEDADE BRASILEIRA DE RADIOLOGIA 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Jana, Brazil. General Assembly meets every two years 
in December. 
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SOCIEDADE BRASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 São Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 р.м. in São Pau at Av. 
Brigadeiro Luiz Antonio, 644. 

SOCIEDAD CHILENA DE RADIOLOGÍA 
Secretary, Dr. J. P. Velasco, Avenida Sarta María 
o410, Santiago, Chile. Meets fourth Friday of each 
month. 

SOCIEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Alberto Mejía Diazgranados, Carrera 13, 
No. 25-31, Apartado aéreo No. 5804, Bogotá, Colombia. 
Meets last Thursday of each month. 

ЅосІЕрАр EcuaToriIANA DE RanioLocíA v FissorERAPÍA 
Secretary, Dr. Publio Vargas P., Casilla 1242, C uayaquil, 
Ecuador. 

SOCIEDAD PARAGUAYA DE RADIOLOGÍA 
Secretary, Dr. Miguel González Addone, 15 c= Agosto 
322, Asunción, Paraguay. 

SOCIEDAD PERUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos Ganoza, Apartado 2306, Lima, 
Perú. Meets monthly except during January, February 
and March, at Asociación Médica Peruana “Daniel A. 
Carrión,” Villalta 21 8, Lima. 

SOCIEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-11m, Baran- 
quilla, Colombia. Society meets monthly at the instituto 
de Radiologia. 

SoclEDAD DE RADIOLOGÍA, 
MÉDICA DEL URUGUAY 
Secretary-General, Dr. Ernesto H. Cibils, Av. Agraciada 
1464, piso 13, Montevideo, Uruguay. 

SOCIEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Fadiologia 
da Faculdade de Medicina da Universidade со Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

SOCIEDAD DE ROENTGENOLOGIA Y MEDICINA NUTLEAR DE 
LA PROVINCIA DE CÓRDOBA 
Secretary-General, Dr. Carlos A. Oulton, Santa 30sa 447, 
Córdoba, Argentina. 

SOCIEDAD VENEZOLANA DE RADIOLOGÍA 
Secretary-General, Dr. Rubén Merenfeld, Apartado No. 
9362, Candelaria, Caracas, Venezuela. Meets monthly 
third Friday at Colegio Médico del Distrito Federal, 
Caracas. 
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CONTINENTAL EUROPE 


OsTERREICHISCHE RONTGEN-GESELLSCHAFT 
President, Dr. Konrad Weiss, Mariannengasse 15, Vienna 
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9, Austria. Meets second Tuesday of each month in 
Allgemeine Poliklinik. 
SociÉTÉ BELGE DE RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets in February, 
March, May, June, October, November and December. 
SociÉrTÉ FRANCAISE D'EÉLECTRORADIOLOGIE MEDICALE, 
and its branches: SociÉTÉ Du SUD-OUEST, DU LITTORAL 
MÉDITERRANÉEN, DU CENTRE ET DU LYCNNAIS, DU 
NORD, DE L'OUEST, DE L'EST, ET D'ALGER ET D AFRIQUE 
pu Norp. Central Society meets third Monday of each 
month, except during July, August and September, rue 
de Seine 12, Paris. 
Secretary -General, Dr. Ch. Proux, 9, rue Daru, Paris 8°, 
France. 
ČESKOSLOVENSKÁ SPOLECNOST PRO RoENTGENO.OGII A RA- 
DIOLOGII 
Secretary, Dr. Robert Poch, Praha 12, Srobárova о, 
Czechoslovakia. Meets monthly except during July, 
August, and September. Annual general meering. 
DEUTSCHE RONTGENGESELLSCHAFT 
Secretary, Professor Dr. med. Н. Lossen, Universitäts- 
Róntgeninstitut. Lagenbeckstr. 1, Mainz, Germany. 
Annual meeting: April 16-19, 1961, in Hamburg. 
$остЕтА ІтАІЛАМА DI RapioLoGIA MEDICA Е рї MEDICINA 
NUCLEARE 
Secretary, Dr. Ettore Conte, Ospedale Mauriziano, Torino, 
Italy. Meets annually. 
NEDERLANDSE VERENIGING VOOR ELECTROLOGIE EN RONT- 
GENOLOGIE 
Secretary, Dr. J. R. von Ronnen, Violenweg 14, den Haag 
Netherlands. 
SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a 
joint association called the Northern Association for 
Medical Radiology, meeting every second vear in the 
different countries belonging to the Association. 
Soci—EDAD EsPANoLA DE RapnroLocía v ELECTROLOGÍA 
МЕршсА$ ү MEDICINA NUCLEAR 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madr d. 
ScHWEIZERISCHE GESELLSCHAFT FÜR RADIOLOGIE UND 
NUKLEARMEDIZIN (SOCIETE SUISSE DE RADIOLOGIE ET 
DE MÉDECINE NUCLÉAIRE) 
Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


INDIA 


InDIAN RADIOLOGICAL ASSOCIATION 
Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


Wx 


2 


VoL. 85, No. 4 


ABSTRACTS OF RADIOLOGICAL 
LITERATURE 


Department Editor: Т. Leucutia, M.D., Harper Hospital, Detroit 1, Michigan 














INDEX TO ABSTRACTS 


ROENTGEN DIAGNOSIS 
HEAD 


Jerrsson, P. G., and Ouin, T.: Cerebral angi- 
ography in rabbit; an investigation of vascu- 
lar anatomy and variation in circulatory pat- 
tern with conditions of injection. .......... 

CuRRARINO, G., and SILVERMAN, F. N.: Orbital 
hypotelorism, arhinencephaly, and trigono- 
ORDEI КТ ане орана орев 

Stavin, J. J., тох, J. A., JR., and CLEMMENS, 
R. L.: Mandibu ofacial dysostosis......... 

Fest, J. H., and Сіввохѕ, T. G.: Osteochon- 
dromatosis of the temporomandibular joint. 

NECK AND CHEST 

Acarr, G., and Apaciio, L.: Some cases of 
symptomatic laryngocele (clinico-radiologic 
übncdefatio 24.5 у>» кенәз dee reed 

KavE, J., and Тномаѕ, К. G.: The problem of 
abnormal radiological lung patterns....... 

GARLAND, L. H.: A three-step method for diag- 
rosis of solitary pulmonary nodules........ 

Ten Evck, E. A.: Subpleural lipoma........ 

Lirwer, H.: Myelolipoma of the mediastinum. 

SHEEHAN, К. ef al.: Roentgenographic and 
Clinical study of larynx and pharvnx....... 

Morris, R.: Dysphagia lusoria presenting as 
superior mediastinal syndrome............ 

STEINER, К. E. e al.: Radiological lung-func- 
No SPEO Seis doe Pia: йрън эзне: 

McMyn, J. K.: Radiological appearances of 
pulmonary ћурегбепѕіоп................. 

Horzel, A., and Fawocrrr, J.: Pulmonary 

changes in acute glomerulonephritis in child- 

UD MIONT SE RER EE E AEE 

Dearos, W. R., Jr., and ЮОоүшк, O. W.: 
Pneumothorax in infants and children... 

Errman, I. K.: Demonstration and localiza- 
tion of valvular calcification by planigraphy. 

Woutustrein, Н. L.: Combined fluoroscopy and 
endoscopy of lower respiratory passages and 
о ог | ee 3€ kot Pa Eod re d 


ABDOMEN 


Cox, Н. T., and Arren, W. R.: The dumping 
syndrome: climcal and radiological aspects. 
STUART, C.: Perforated peptic ulcer; radiolog- 
ical review of SO consecutive саѕеѕ......... 


STRANDJ@RB, N. M., Mose ey, К. D., Jr., and 
ScHWeanerus, R. L.: Gastric carcinoma: 
accuracy of radiologic diagnosis........... 

MELAMED, A., Havkonr, R. S., and CALLAN, 
К. F.- Eyloric antral mucosal diaphragm 
with trarspyloric mucosal prolapse........ 


73  Micugxr n, W. М., KENNEDY, К. L. J., and 
ОсЅн: vi, J. W.: Duodenal ulcer in child- 
=. hood; aimety-two cases with follow-up..... 
‘/) Brura, L: Gastrointestinal carcinoid tumors; 
" roentyen Keatures. suse s 
//*  MonGawN L A., and Parks, R. E.: A double- 
а blind study of oral cholecystographic media; 
774 огаһйех znd telepaque................... 
Cimino, C. V.: Cholesterolosis............. 
Kaye, ].: reparation of the colon for radio- 
logical inzestigation; using a new laxative.. 
" KissEL, Р. al.: Saturnine megadolichocolon. . 
ы TRENTA, & e al.: Clinical and radiological 
се consxler-tions on regeneration of the gall- 
"UP Badia Lusso erre etti 
776 “SYNECOLOGY AND OBSTETRICS 
776 Gros, ©. M., Wer, F., and RENavp, R.: 
| Radwozc examination of placenta previa 
770 withoet preparation...................-. 
Rossi, P., Rizzi, J., and ре Santis, V.: Simul- 
777 taneots ateral placentography............ 
EE, GENITOURINARY SYSTEM 
778 | Darscuzxm, C. W., SInGLETon, E. B., and 
Currs, J. C.: Urinary tract calculi and 
nephrocalcinosis in infants and children... . 
778  RorrEs:ee, С. L.: Lower urinary tract dis- 
orders I CDROPON. 525 desi саьат 
778 Concer b. B., and Tous, L.: Obstruction of 
bladder aeck in male infant and child; pres- 
779 ent com-epts of diagnostic methods and 
management, and report of 14 cases....... 
SHICK, |. *., and Sura, J. J.: Pveloureteritis 
719 cystic; report of a case with spontaneous 
rupture of the ureter.................... 
VisrEkg, G M. etal.: Dynamic urethrography: 
cineradiegraphic method................. 
779 Dove, œ W.: Use of chlor-trimeton to pre- 
vent re.ctions to hypaque in intravenous 
780 ОТОРУ... ate td bo en ee eR шч 
77/3 


772 


Watsu, A.: Hazards of bladder surgery fol- 
lowing irradiation....................... 


SKELETAL SysTEM 


JeANMART-Micuez, L.: Osseous localizations 
of eosinophilic granuloma. ............... 
FısETTE, J.: Cortical metaphyseal fibrous de- 
fect and nonossifying fibroma............ 
Daescuner, C. W. et al.: Metaphyseal dvsos- 


Dovre, J. R.: Narrowing of intervertebral- 
disc space in children; presumably infec- 
tious lesion of disc... oiii. 

MrpuiN, V. L.: Hypertrophic osteoarthrop- 
athy in ehildeen. 2. го eoe mà 

GRAND, M. J. H., E1cHENrELD, S., and Jacos- 
son, Н. G.: Sacral aplasia (авепеѕіѕ)...... 

SGALITZER, M.: The roentgen diagnosis of de- 
structive vertebral syphilis............... 

GARFIELD, J. S.: Is radiological examination of 
the twisted ankle песеззагу?.............. 

Hauck, F., and Scuuipr, E.: The quantitative 
determination of the mineral content of 
bones from roentgenograms.............. 

Du Bercer, К. L., Masson, G., and Sytves- 
TRE, J.: Milkman's syndrome—five cases of 
severe osteomalacia following gastric 
ЕЕ oL LS реа тали ex ee x шыва 

RicHagps, A. J.: Non-tuberculous pyogenic 
osteomyelitis of $рпе.................. 

Grepion, A.: Soft tissue changes and early 
radiologic diagnosis of acute osteomyelitis 
in CHUGNOON 5 гьа анаа авва 

Ranarorrt, А. et al.: Vascular changes in ta- 
betic arthtopathy. ciecie а ааа у 


BLoop AND LYMPH SYSTEM 


Hatversacn, H., and Luster, G.: Experimen- 
tal and clinical experiences with Gidlund's 
high pressure injector syringe for selective 
angiocardiography...................... 

Тнокх, P. e al.: Retrograde percutaneous 
thoracic aortography and levocardiography . 


GENERAL 


Lusrep, L. B.: Logical analysis in roentgen 
diagnosis; Memorial Fund lecture......... 


Abstracts of Radiological Literature 


786 


Trout, E. D., Kerley, J. P., and Lucas, A. C.: 
Influence of cable length on dose rate and 
half-value layer in diagnostic x-ray proce- 
ОИЕ usse 534 ек >т БЫ салатаа eaa aaa 

AMALRIC, К. e al.: Gynecomastias; a study of 
113 cases. Data on plain roentgenography 
OF the DEBESÉ Le does deeds den bi E шакы 

Carinat, J. et al.: On a new case of Budd- 
Chuar'sayndrome......2l ааа аара 


RADIATION THERAPY 


Үлетн, J. M.: Nasopharyngeal malignant tu- 
mors: 82 consecutive patients treated in a 
period of twenty-two years............... 

Rise, W., and FLöre, F.: Osteoradionecrosis 
OF the mandible...... esses sog terna 

Уот, P. W., Jr., Машам, J. T., and 
SWINDELL, G. E.: Radium attenuaticn in 
treatment of carcinoma of cervix.......... 

Ecan, R., and Јонхѕох, G. C.: Multisection 
transverse tomography in radium implant 
calculations. iia аралаша crx xcd 

GRAHAM, J. B. et al.: Spent radon seeds: I. Late 
USE с 5.5K ugk ea келлик rasa did aui 

Jouns, H. E., and Skanscanp, L. D.: Spent 
radon seeds: II. Radiation from spent radon 
NO AG, nereta 4 cern sen she EP ERU MED 

Cuitko, А. J.: Contribution to problem of 
diagnosis, treatment and prognosis of Wilms’ 
MOTS аъ da аана жу уча SHS Kd жуа эша 

Conti, E. А. e al.: Present health of children 
given x-ray treatment to the anterior medi- 
astinum in infancy...................00. 


RADIOISOTOPES 


Koutras, D. A. et al.: Stable iodine metabo- 
lism in non-toxic goitre................... 
PimparkKar, B. D. et al.: Correlation of radio- 
active and chemical faecal fat in different 
malabsorption syndromes................ 


MISCELLANEOUS 


FinkeL, M. P. Berasrranp, P. J., and 
Biskis, B. O.: The consequences of the con- 
tinuous ingestion of Sr? by mice.......... 

FERREBEE, J. W., and Tuomas, E. D.: Trans- 
plantation of marrow in тап... 


APRIL, 


1961 


794 


799 


799 


Vou. 85, No. 4 


ROENTGEN DIAGNOSIS 
HEAD 


Jeresson, P. G., and OLIN, T. Cerebral 
angiography 13 rabbit; an investigation of 
vascular anatomy and variation in circula- 
tory pattern with conditions of injection. 
Lunds Universitets Arsskrift. N. F., Aug. 24, 
1960, 25:6, 1-55. (From: Department of 
Neurology, The Roentgen-Diagnostic De- 
partment and The Institute of Physiology, 
University of Lund, Lund, Sweden.) 


The authors studied the anatomy of the rabbit's 
bra п by angiography. About 70 rabbits of both sexes 
and weighing from 2.0 to 2.5 kg. were used. The 
animals were anesthetized with intravenous ure- 
thane, with an initial dose of about 2 gm. per kg. of 
body weight. 

The contrast medium used for carotid angiography 
was uregrafin 60 or 76 per cent (Schering). The 
animals tolerated -epeated injections of 2 ml. of the 
бо per cent medium while the 76 per cent contrast 
medium sometimes caused convulsions and respira- 
tory standstill. While hypaque до per cent (Win- 
threp) injected into the common carotid artery in 
[| case was followed by convulsions and death, the 
injection of this contrast medium into the sagittal 
sinus was not fellowed by any demonstrable unto- 
ward reaction. Thorctrast 25 per cent (Heyden) was 
found to offer ne : dvantages. 

When study of the anatomy of the cerebral arteries 
alone was desired, barium suspension was injected 
into the internal carotid artery. This suspension was 
prepared by dissclving a small amount of gelatin 
powder in hot water and stirring in collobar (Astra), 
wh ch is finely g-anular, or lumibar (Pharmacia), 
which is more coarsely granular, until a fairly thick 
suspension was obtained. In the investigation of the 
venous system, red lead was sometimes used as à 
cortrast medium instead of barium sulfate. 

On selective injection of contrast medium into the 
internal carotid artery, the bifurcation of the com- 
mon carotid artery was carefully exposed, after 
which the externa. branches were occluded with clips 
or were ligated. In those cases in which the injection 
‘pressure was measured, an Elema electromanometer 
was connected in-o the circuit by a wide branch of 
rubber tubing placed as closely as possible to the can- 
nula inserted in the carotid artery. A second electro- 
manometer was connected with the femoral artery 
by means of a polyethylene tube for measuring the 
blood pressure. 

it was found that the internal carotid artery 15 the 
first vessel to spring from the dorsal aspect of the 
common carotid artery. In one-fourth of the animals, 
the internal carotid artery and occipital artery orig- 
inated from a common trunk. An anastomosis of 
varying width between the internal and external 
carotid arteries connected the internal ophthalmic 
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artery and жле maxillary artery. In rabbits, the circle 
of Willis is, as a rule, well developed. It differs frcm 
the anatom of human beings in only one respect, 
ie., the fas on of the anterior cerebral arteries; in 
man they ase connected by a short transverse trunk. 

The bloed is drained from the brain mainly by 
the extern® jugular system through the temporal 
emissaries fom the transverse sinuses. Most of the 
remainder 3 drained by the three vertebral veins 
and only а minor amount by the internal jugular 
veins and te paravertebral veins. 

On sclectve injection of contrast medium into the 
internal сажа artery, a complete cerebral arterio- 
eram will l= obtained at an injection rate of about 
ол ml. sec Investigations demonstrated that the 
number of zrteries visualized increased with the rate 
of injectior, and, when the rate was high, the con- 
trast medium passed over into the internal carotid 
artery on te other side, into the vertebral arteries 
and into the maxillary artery on the injected side. 
The rate of injection and the injection pressure are 
intimately -orrelated. Other conditions being equal, 
a fall of the blood pressure results in the filling of a 
larger numoer of cerebral vascular regions.— 7. N. 


Ane, M.D. 


Currarix, GUIDO, and SILVERMAN, FREDERIC 
N. Orħtal hypotelorism, arhinencephaly, 
and trizonocephaly. Radiology, Feb., 1960, 
74, 206-217. (Address: G. Currarino, Elland 


and Bethesda Avenues, Cincinnati 29, 
Ohio.) 


The relacionships between orbital hypotelorism, 
arhinencepaaly, and trigonocephaly are discussed 
and 2 casesallustrating these three malformations are 
reported. “o normal standards could be found for 
the interoroital distance in infancy and childhood. 
The authors therefore proceeded to determine the 
normal rarze of this cranial dimension by a study 
of posterocnterior roentgen projections of the skull 
in 250 chile ren. 

Orbital -ypotelorism indicates an abnormal nar- 
rowing of the interorbital space. It 1s often more 
obvious reentgenographically than clinically. The 
malformaton is a frequent finding in arhinencephaly 
and trigomocephaly. Arhinencephaly is a family of 
malformatons, the most characteristic feature of 
which is ап absence of the olfactory nerves and 
often, alsc, of other parts of the rhinencephalon. 
The cause of the anomaly is an arrest in the embryo- 
logic development of the cranio-fronto-nasal process 
and the anterior part of the forebrain. Trigono- 
cephaly is - congenital cranial malformation in which 
a small znd pointed forehead, together with a 
tendency toward an increase in the biparietal diam- 
eter, g ves the head a triangular configuration. There 
are two types of this malformation: а simple form 
in which the cranial deformity is not associated 
with any abnormality of the brain, and a more com- 
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plex form occurring in arhinencephalv, in which the 
rhinencephalon and often other parts of the fore- 
brain are defectively developed. A large percentage 
of patients with trigonocephaly are otherwise normal. 

The presence of orbital hypotelorism, as well as 
trigonocephaly, should alwavs arouse the suspicion 
of a maldeveloped rhinencephalon and forebrain, 
particularly in the presence of other external anom- 
alies such as a deformed nose, an undivided nasal 
cavity, absence of the premaxilla, a median cleft in 
the upper lip, microphthalmia, and microcephaly.— 


Arno W. Sommer, M.D. 


STOVIN, James J., Lyon, James A., Jr., and 
CLEMMENS, Raymonp L. Mandibulofacial 
dysostosis. Radiology, Feb., 1960, 74, 225- 
231. (Address: J. J. Stovin, University Hos- 
pital, University of Maryland, Baltimore k 


Md.) 


Mandibulofacial dysostosis is a syndrome of con- 
genital anomalies involving the mandible, maxillae 
and ears which has been recognized in increasing 
numbers during the past two decades. A total of 59 
cases has been reported in the English and European 
literature with only 3 appearing in the radiologic 
literature. The authors add 4 cases to this total, 
reporting studies of 2 brothers and 2 sisters of dif. 
ferent families with the syndrome. 

The congenital defects associated with the syn- 
drome are multiple. Clinically the most common 
finding is an obliquely downward slanting of the 
palpebral fissures, giving an "anti-mongoloid" ap- 
pearance to the eyes. Frequently there is a notching 
of the lower lids (coloboma) at the junction of the 
middle and outer thirds. A constant finding is that 
of hypoplasia of the facial bones. The malar bones 
are hypoplastic or entirely absent. The zygomatic 
arches are incomplete, and the infraorbiral ridges 
are defective and depressed. Microtia and defects of 
the auricles, stenosis or absence of the external 
auditory canals, middle ear abnormalities, inner ear 
defects, and deafness are all present in many cases. 
A receding hypoplastic mandible with a more obtuse 
angle than usual, resulting in malocclusion and 
associated dental problems, is quite common, 

Roentgenograms, or reports of roentgenograms, 
are available for only 24 of the cases which have 
been reported. The chief roentgen finding is the 
absence of the zygomatic arches. The maxillae are 
hypoplastic and the antra small. The mastoid por- 
tions of the temporal bones are also underdeveloped, 
the tips being absent and pneumatization lacking. 
Inner ear abnormalities are also present. The man- 
dible is small and the angle more obtuse tham normal. 

The etiology of this condition is not known. One 
theory is that there is an embryologic basis resulting 
in retardation of, or interference with, the differ- 
entiation of the mesoderm at the so mm. stage of 
development. Another quite different theory places 
the cause on a vascular basis, with absence of the 
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stapedial artery. The hereditary component of this 
syndrome is stressed by some authors. Of the 63 
cases studied for this report, in 27 there were definite 
or suggestive findings in relatives along »oth ances- 
tral and collateral lines. It is thought that the syn- 
drome appears to follow an irregular form of domi- 
nant transmission. 

The authors feel that with a careful roentgeno- 
logic examination and analysis the radiologist can 
be of great help to the otologist in planning surgery 
of the middle and inner ear in the many cases of 


middle ear deafness seen in this syndrome.— Donald 
N. Dysart, M.D. 


Feist, Jonn H., and Сіввомѕ, T. G. Osteo- 
chondromatosis of the temporomandibular 
joint. Radiology, Feb., 1960, 74, 291—294. 
(Address: J. H. Feist, School of Medicine, 
University of Pittsburgh, Pittsburgh, Pa.) 


The authors report a single case of osteochondro- 
matosis of the temporomandibular joint. They con- 
sider this to be the first to be reported. 

The characteristic roentgenologic findings were a 
calcified body in the joint space and a second semi- 
circular body in the space between the coronoid and 
the condylar processes of the right mandible. Scat- 
tered intervening calcifications were present. The left 
temporomandibular joint appeared normal. Upon 
surgical exploration a freely moveable, loose body 
was removed from the joint space. Histologic exam- 
ination showed this to be osteocartilagirous in na- 
ture. The postoperative roentgenogram and lamina- 
gram demonstrated the previously noted semi- 
circular body between the condylar and coronoid 
processes. Another smaller densely sclerotic body 
which was interposed between the condyloid fossa 
and the condylar process was observed and was 
thought to represent a recurrence of the previously 
excised lesion, or a third body not observed pre- 
operatively, or a remnant of the base of the resected 
lesion. The absence of any evidence of body or 
cortical deformity in the vicinity of the osteo- 
cartilaginous bodies indicates that they represent 
osteochondromatosis rather than multiple osteo- 
chondromata. The larger body between tke coronoid 
process and the condylar process, which was not seen 
at the time of surgery, probably arose from the 
internal synovial membrane of the synovial sac. The 
sac was either stretched or perforated by this body 
because it lay hidden behind the zygoma. 

The roentgen diagnosis of temporomandibular 
joint lesions is difficult because of the various over- 
lapping osseous shadows. Laminagraphic examina- 
tion is valuable when conventional roentgenography 
fails to demonstrate a Іеѕіоп. 7. M. McBride, M.D. 


NECK AND CHEST 


Асатт, G., and Apacuio, L. Sopra alcuni casi 
di laringocele sintomatico (considerazioni 
clinico-radiologiche.) (Some cases ot sympto- 
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matic larvngecele [clinico-radiologic con- 
siderations].) dun. radiol. diag., 1960, 32, 
464-489. (From: Istituto di Radiologia dell 
"Università, Torino, Italy.) 


Symptomatic laryngocele is the result of ab- 
normal dilatation of the appendage of the ventricle 
of Morgagni. This entity was first reported by Larrey 
in 1829. The authors describe the roentgen findings 
in these cases of herniation of the larynx. 

The herniation, which retains its communication 
with the larynx, is filled with air. This condition 
must be differentiated from a laryngeal cyst, which 
is an abnormal developmental anomaly. Predispos- 
ing factors are industrial or professional occupations 
involving such activities as glass blowing, wind in- 
strument playing, singing, etc.; also, inflammatory 
or neoplastic processes in this area may permit 
formation of a ball valve mechanism. 

Internal laryngoceles are dilatations of the appen- 
dage but they are enclosed by the laryngeal cartilage 
and the hyothyroid and cricothyroid membranes. 
The external laryngocele has passed through these 
tissue barriers and extends into the soft tissues of 
the neck. The mixed type has features of both. 
Laryngoceles may involve any surface of the ven- 
tricle and may be either unilateral or bilateral. 

The highest incidence is found in the adult males 
who are subjected to endolaryngeal hypertension. 
Symptoms vary and include: dysphonia, dyspnea, 
dysphagia (especially with liquids) and reflex cough. 
The external type also exhibits a soft tissue mass in 
the neck which is soft and reducible and which is 
reproducible by increasing intralaryngeal pressure. 

Laryngoscopic examination will reveal the laryn- 
gocele and its point of origin as well as inflammatory 
changes of the mucous membrane. 

Roentgen examination requires only routine 
anteroposterior and lateral roentgenograms of the 
neck with laminagrams in the anteroposterior 
view. The lateral view is used to detect the internal 
larvngocele; anteroposterior projections and lamina- 
grams will demonstrate the external or mixed type. 

Five cases with illustrative roentgenograms are in- 
cluded in this article. Three of these cases were asso- 
ciated with malignant tumors of the larynx, 1 with 
tuberculous granulation and 1 with chronic hyper- 
trophic granulation tissue, which was nonspecific. 

Roentgenographic studies of the larynx have been 
more or less neglected in the past and perhaps more 
attention should be given to this structure.— Peter E. 
Russo, M.D. 


Kaye, J., and Tuomas, R. G. The problem of 
abnormal radiological lung patterns. Med. 
Proc., July, 1960, 6, 323-332. (From: De- 
partment of Radiology, Johannesburg Hos- 
pital and Pulmonary Unit of the Depart- 
ment of Medicine, Witwatersrand Univer- 
sity, Johannesburg, South Africa.) 
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A detailed investigation of varying roentgeno- 
graphic lan z patterns was made and correlated with 
clinical, aisologic and historic facts in each case. 
The follcawing classification is given: 


I. Al«c— tions of the normal lung pattern 

a. In-reased prominence 

b. Decreased prominence 
II. Adventitious pulmonary patterns 

a. Crcular shadows 

1. Granular or punctate (ground glass) 

. Miliary (2 to 4 mm. in diameter) 

5. Nodular 
b. Linear shadows and patterns 

1. Hairlines (Kerley “B” lines) 

2. Crayon lines (bronchiectasis) 

3. Poorly defined lines 
с. Cembinations of linear and circular shadows 


to 


Roentzer studies included both posteroanterior 
and lateral projections in deep inspiration and at 
the end cf Бгсеа expiration. Laminagrams were used 
to differeraate the hyperinflation of asthma from 
organic vascular bed obliteration in emphysema. 
Axial trensverse laminagrams were made to judge 
lung volume in patients with marked kyphoscoliosis. 

Howerer the authors agreed that roentgen pat- 
terns overlap, and the anticipated conclusion was 
reachec th.t, in the vast majority of cases, it has 
been ther -xperience that it is impossible to give a 
definite diaznosis on the roentgen features of altered 
lung patter alone. Pulmonary function tests, clinical 
and labera ory investigations, and historical survey 
are necessary adjuncts in arriving at a correct diag- 
nosis ir. ри monary disease.—Arch Н. Hall M.D. 


GARLAND, L. Н. (San Francisco, California.) 
A three step method for diagnosis of solitary 
pulmonary nodules. Canad. M. A. J., Nov., 
1960, & *, 1079-1082. 


The aatbor describes a three step method for the 
preoperatiwe or nonsurgical diagnosis of solitary 
pulmonary nodules by which it has been possible 
to differemciate benign from malignant lesions in 
almost co ver cent of 115 cases. A "solitary pulmo- 
nary noc ul? chart" has been prepared by the author 
and is reproduced in the original article. 

While sc itary pulmonary nodules may represent 
many Ciseasesand anomalies, the essential differential 
diagnosis i- concerned with whether the nodule in 
questicn i! benign or malignant. In the author's 
series of 2,200 cases, 44 per cent were granulomas; 
24 per cen were benign lesions; 26 per cent were 
primary malignant lesions; and 6 per cent were 
metastatic malignant lesions. 

The ‘“Fi-st Step" consists of a complete roentgen 
survey ineuding stereoscopic roentgenograms of 
average and heavy densities (as indicated) in routine 
and speciz! positions, laminagraphy and fluoroscopy. 
Fluoroscopy permits study of variation in size and 
affords aa opportunity for the radiologist to see and 
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speak with the patient. Heavy density roentgeno- 
grams and laminagrams aid in detecting calcium and 
cavitation. 

The majority of the primary malignant tumors 
have indefinite, irregular or fuzzy borders. The 
majority of the benign tumors have relatively sharp 
borders. A primary bronchial carcinoma may havea 
sharp border if the lesion is smaller than 1 cm. in 
diameter. 

small linear densities connecting the nodular opac- 
ity and the pleura or the hilus are more common in 
inflammatory than neoplastic disease. Satellite nodu- 
lar lesions may be present with both primary car- 
cinomas or granulomas. 

Marginal calcification may occur in benign as well 
as malignant lesions. Centrally located calcifica- 
tion is of much greater diagnostic value and is usually 
seen in benign tumors only. Primary carcinoma may 
arise behind a calcific residue of previous infection. 

Cavitation associated with a thick or irregular wall 
IS suggestive of neoplasm. A change in the size or 
shape of the cavitation is not specific for either 
benignancy or malignancy. The absence of change 
over a long period of time is suggestive of benig- 
nancy. Increase in size over a short period suggests 
malignancy. In 80 per cent of cases of bronchial 
cancer, the lesions were not visualized on roen tgeno- 
grams made one year before their diagnosis. 

The “Second Step" includes four clinical consider- 
ations: age, sex, presence or absence of thoracic 
symptoms, and history of recent thoracic tap or 
surgery. The frequency of bronchial cancer increases 
after the age of forty-five. It is about five times 
greater in males than in females. Absence of symp- 
toms favors the possibility of neoplasm. Recent sur- 
gery or needling may result in small intrapulmonary 
hematomas resembling solitary nodules. Lipid pneu- 
monia may be present as a solitary nodule. 

The “Third Step" consists of the evaluation of 
laboratory data. Laboratory examinations such as 
skin tests and sputum studies are of value in persons 
under forty years of age. Skin or complement-fixation 
tests for tuberculosis, coccidioidomycosis and histo- 
plasmosis and sputum tests for tubercle bacilli and 
tumor cells are suggested. Sputum or bronchial wash 
cytologic study is rarely positive, except in very 
large neoplastic nodules.— 7. N. Ané, M.D. 


Ten Eyck, Epwanp A. Subpleural lipoma. 
Radiology, Feb., 1960, 74, 295-297. (Address: 
525 E. 68th St., New York 21, N. Y.) 


Lipomas are rare in the thoracic cavity and are 
usually related to the mediastinum. Even rarer is 
the occurrence of subpleural or parietal fatty tumors 
unconnected with the mediastinum, but the author 
reports 3 seen in the past five years. 

Most intrathoracic lipomas are asymptomatic 
densities discovered on routine chest examination. 
They consist of fat lobules of the same composition 
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as ordinary fat and usually are demarcated by a thin 
fibrous capsule. On chest roentgenograms they ap- 
pear as areas of increased density in con-rast to the 
aerated lung, but in denser tissue such as muscle 
they appear as areas of lesser density. Laminagrams 
were not helpful in the diagnosis in the author's 3 
cases, but he suggests that a diagnostic pneumo- 
thorax will differentiate as to whether a tumor is in 
the pleura or in the lung. The preoperative diagnosis 
is unlikely unless there is ап extrathoracic compo- 
nent; differential possibilities include pleural metas- 
tases, pleural fluid loculations, and primary pleural 
tumors.—— ames C. Moore, M.D. 


Lirwer, Herman. Myelolipoma of the medi- 
astinum. Radiology, Mar., 1960, 74, 471- 
473. (Address: Veterans Administration 
Center, Martinsburg, W. Va.) 


Myelol:pomas are uncommon tumor-like masses 
composed of heterotopic bone marrow and adipose 
tissue. They usually occur in the adrenal gland, but 
have been reported to have occurred in the retro- 
peritonea! area, and also in the chest. Although 
they may be present without any evidence of other 
disease, they are sometimes found in association 
with severe anemias. This was particular y noted in 
the 2 cases reported by the author, both of which 
had congenital hemolytic jaundice. The mediastinal 
mass observed on roentgenographic examination in 
both cases appeared homogeneous, sharply defined, 
and somewhat lobulated. Calcification was not ob- 
served. In 1 case the mass extended from the right 
posterior mediastinum into the right middle and 
lower lung fields, measuring 13 cm. in its greatest 
diameter, with a smaller mass in the left lower 
mediastinum. In the other case reported, the mass 
was located in the lower posterior mediastinum ex- 
tending on both sides of the midline. These tumor 
masses evidently were not producing any deleterious 


ettects.— IV, M. McBride, M.D. 


SHEEHAN, R., Lessmann, F., MarcHerra, F. 
and Lin, R. K. Roentgenographic and clin- 
ical study of larynx and pharyrx. Surg., 
Gynec. & Obst., Dec., 1960, 777, 753-758. 
(From: Departments of Diagnos-ic Radi: 
ology and Head and Neck Surgery, Roswell 
Park Memorial Institute, Buffalo, New 


York.) 


The larynx, with its hollow cavity, has three- 
dimensional planes. Clinical examination by direct 
vision allows only one of these planes to be observed 
adequately. The other two can be studied by lateral 
roentgenograms and anteroposterior laminagrams. 

The first laminagraphic study of the la-ynx made 
with reference to carcinoma was reported in 1937 
by Gunsett. Since then many fundamental investi- 
gations on the physiology, topography, aad pathol- 
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ogy of the larynx have been made. The roentgen 
anatomy and laminagraphic appearance of the 
larynx are well understood now, but there are still 
limitations of this procedure and difficulties in inter- 
pretation. 

The material of the authors consisted of 60 pa- 
tients and analysis of films was made by two radi- 
ologists who had no clinical information. It was 
found that clinical examination and roentgenologic 
studies supplement each other and are indispensable 
in correct diagnosis of lesions of the pharynx and 
larynx. Laminagrams were found to yield additional 
information in large tumors of the pharynx which 
extended into the endolarynx and obscured direct 
vision of the cords. In cases in which the lesion was 
contined mainly tc the cords, subglottic extension 
was demonstrated en the laminagrams. 

This survey revealed a close correlation between 
roentgenologic and clinical findings.—Richard E. 


Kinzer, M.D. 


Morris, Roy. (Johannesburg, South Africa.) 
Dysphagia lusoria presenting as superior 
mediastinal syndrome. Brit. M. F., Nov. 26, 
1960, 2, 1558—1561. 

In 1737 Dr. David Bayford carried out a necropsy 
on a woman who died of starvation, after having suf- 
fered from dysphagia from the age of 13 to 60. He 
found an aberrant subclavian artery, which arose 
from the left side ef the aortic arch and coursed be- 
tween the esophagus and the trachea to supply the 
right arm. He concluded that the anomalous vessel 
had pressed upon the esophagus, causing dysphagia. 
He applied to this disorder the name of dysphagia 
lusoria, lusus naturae, meaning a freak of nature. 

Dysphagia lusoria in infancy signifies esophageal 
compression by amy congenital arterial abnormality, 
while in an adult it usually denotes esophageal com- 
pression due to an aberrant right subclavian artery. 

In the adult type the right subclavian artery arises 
from the left side of the aortic arch beyond the origin 
of the left subclavian artery and courses to the right 
in one of three ways. It may run behind the esopha- 
gus (8o per cent), between the esophagus and 
trachea (15 per cent), or in front of the trachea and 
esophagus (5 per cent). 

Embryologically, an arteria lusoria represents the 
persisting distal descending portion of the fourth 
right aortic arch, there having been obliteration of 
the proximal arch in reverse of the normal situation. 
Normally, the fourth right aortic arch forms the 
right aortic arch, which disappears. Its persistence 
leads to the formation of an aberrant subclavian 
artery. 

The commonest and mildest symptom is a feeling 
of food sticking under the manubrium sterni. Dys- 
phagia may be mild and chronic or mild and recur- 
rent. It may become progressively worse. 

The diagnosis is usually made with a barium swal- 
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low. In the »osteroanterior projection with a small 
amount of b.rium in the esophagus an oblique defect 
about о. 2m. wide, passing upwards from the left 
to the righe эп the posterior aspect of the esophagus 
Just above tae aortic arch, is seen. On the postero- 
lateral aspect of the esophagus the abnormal vessel 
produces 3 typical notch. If the vessel runs in front 
of the esochagus a similar posteroanterior appear- 
ance is noced but in this case the notching will be 
anterior. *3ould the vessel course in front of the 
trachea, n» esophageal defect will be encountered. 
There ma’, however, be a prominence of the left 
mediastin:] shadow of the pulsatile nature. 

Other methods of examination used are angiog- 
raphy and sophagoscopy. 

The auter concludes that adult dysphagia lusoria 
is due to аг aberrant right subclavian artery com- 
pressing tl eesophagus. This disorder is probably not 
as rare as ће paucity of case reports would suggest. 
He descrites a case in which complete disappearance 
of the symptoms and signs occurred after surgical 
resection. He also states that this is the first known 
adult pati-mt to be operated upon for this condition. 


C. Peter Truog, M.D. 


STEINER, Ё. E., Laws, J. W., GILBERT, J., and 
McDowseLL, M. J. Radiological lung-func- 
tion studies. Lancet, Nov. 12, 1960, 2, 1051- 
1055. From: Hammersmith Hospital and 
Postgrx паге Medical School of London, 
London W.12, England.) 


Believir that the function of a localized area of 
the lung may be studied by correlating density varı- 
ations wit) simultaneous spirometric recordings, the 
authors p-esent a method of measuring and record- 
ing the “anges in roentgenographic lung density 
during reg»ration. 

Using = Philips image-intensifier, the patient is 
fluoroscoper. and the sites for examination selected. 
These are usually bilaterally symmetric. circles, 
с cm. in xl ameter, located immediately below the 
clavicles -rd just above the diaphragmatic domes. 
A two-ch- rnel linear recorder is used, with one pen 
connectec to the logarithmic amplifier of the photo- 
multiplier which records the roentgenographic den- 
sity, while «he second pen records the position of the 
spirometar bell through a variable linear resistor. 
Recordings are made of breathing at an ordinary 
rate and amplitude, on deep respiration, and on 
forced ex ration after full inspiration. 

The alse-ations in lung density during respiration 
are a fun«t»on of the degree of expansion of the part 
of lung uacer observation, and hence the amount of 
air exchanged. The results so far indicate that the 
density c mves are usually symmetric in comparable 
areas of exeh lung and there is good correlation, both 
in timingzi id amplitude, between the spirometric and 
density cu-ves. If there is unilateral lung disease, 
reference to the normal side simplifies the analysis 
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of the curves. When the disease is bilateral, compari- 
son has to be made with normal controls. 

As the two curves are normally synchronous, any 
deviation implies localized air-llow obstruction, or 
even reversal. When alterations in lung density occur 
without spirometer movement, intrapulmenary air 
flow must be taking place. When there is localized 
air trapping, the densitometric tracing тау show a 
slow rate of loss of density even though the spirom- 
eter tracing may be relatively normal. 

Further studies are planned to assess this pro- 
cedure's place among other more conventicnal lung- 
function tests.— Donald M. Monson, M.D. 


McMyn, J. К. Radiological appearances of pul- 
monary hypertension. J. Coll. Radrol. Aus- 
tralia, June, 1960, 4, 21-28. (From: X-Ray 
Department, Green Lane Hospital, Auck- 
land, New Zealand.) 


The author has attempted to correlate the roent- 
genologic findings in 56 cases of mitral stenosis and 
to compare them with the catheterization findings 
or the pressures found at operation. He concludes 
that Kerley’s B lines, now called septal limes, are a 
valuable sign of pulmonary venous hypertension. 
They do not establish its degree except that the 
pressure tends to be over 20 mm. Hg. When they are 
present, there is often a raised pulmonary artery pres- 
sure. However, there is not a close relationship be- 
tween septal lines and pulmonary arterial pressures. 
The absence of septal lines does not exclude pul- 
monary arterial hypertension in mitral disease. En- 
largement of the main pulmonary artery indicates 
pulmonary arteriolar hypertension and gross enlarge- 
ment suggests high pulmonary artery systelic pres- 
sure. There is no correlation between the size of the 
pulmonary artery and the pulmonary venous hyper- 


tension.—Z. E. Childe, M.D. 


Ногі, A. and Faweirr, J. Pulmonary 
changes in acute glomerulonephritis m child- 
hood. 7. Pediat., Nov., 1960, 57, 695—703. 
(Address: Department of Child Health, St. 
Mary's Hospital, Whitworth Park, Man- 
chester 13, England.) 


The authors discuss the pulmonary roentgen find- 
ings in 76 patients with acute nephritis. Thirty- 
seven demonstrated roentgenologically detectable 
lung lesions. There were two broad categories of 
findings: the first demonstrated the already well 
known roentgenologic pattern of pulmonary edema, 
described in the adult as being associated with 
uremia or with azotemic edema; the second demon- 
strated partial collapse, consolidation, interlobar 
and pleural effusions. The interlobar as well as the 
pleural accumulations of fluid were relatively small 
and they could only be demorstrated in patients 
examined during the first week of the illness. 
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The authors gained the impression that the lung 
changes appeared in the first week after the onset of 
symptoms and underwent spontaneous resolution 
within three to fourteen days after detection. The 
presence of the lung lesions in the first week of the ill- 
ness coincides with the development of hydremia and 
hypertension. The spontaneous and rapid resolution 
following the onset of diuresis and the free mobility 
of the pleural fluid suggest that thev result from the 
accumulation of edema. It is feasible to assume that, 
during the coincident phase of hydremia, edema 
develops in lung structures supplied by these ves- 
sels. This would explain the accumulation of fluid in 
the pleural cavities and in the interlobar space. The 
occurrence of lobular or even lobar collapse could be 
explained as a result of edema of the bronchial 
mucosa leading to occlusion of the finer ramifications 
of the bronchioles. The appearance of sharply local- 
ized areas of consolidation might well be accounted 
for by the development of edema in a lim ted part of 
the interstitial tissue with an associated efusion into 
the alveo 1. 

The hypothesis presented here, that -he pulmo- 
nary changes are related to alterations ir the extra- 
cellular fluid volume, is a possibility. An explanation 
based on inflammatory changes cannot be elimi- 
nated. 

The study of 65 children with acute nephritis re- 
vealed 38 with detectable pulmonary changes on the 
roentgenograms. There is no correlation with the 
age of the patients or the degree of azotemia pres- 
ent.— ames F. Martin, M.D. 


Deaton, W. RALPH, JR., and Doyte, Owen 
W. Pneumothorax in infants and children. 
South. M. F., Dec., 1960, 57, 1487-1494. 
(From: Surgical and Radiological Services of 
Moses H. Cone Memorial Hospital, Greens- 
Бого, N. С.) 


Pneumothorax in infants or children is a rare en- 
tity that usually responds readily to treatment. The 
etiologic agent may be any of those that can pro- 
duce a pneumothorax in adults. Predisposing fac- 
tors are thought to be prematurity, difficult delivery, 
cesarean section and vigorous resuscitat ve efforts. 

The clinical diagnosis of pneumothorax п the new, 
born may be very difficult. The onset of a significant 
degree of pneumothorax is accompanied by cyanosis, 
dyspnea and tachycardia. The physical signs may or 
may not be present. Roentgenographic examination 
is the only reliable diagnostic method. Other condi- 
tions that may cause similar symptoms in the new- 
born are diaphragmatic hernia and a rapidly expand- 
ing lung cyst. These usually are also dif'erentiated 
by roentgenographic study. 

The treatment varies from watchful waiting to 
aspiration or to inter-rib thoracotomy, or to even 
open thoracotomy. 

Seven cases are presented with their accompany- 
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ing roentgenograms. The entities associated with the 
pneumothorax in this series are spontaneous pneu- 
mothorax in the newborn, tension pneumothorax as- 
sociated with staphylococcic pneumonia, operative 
pneumothorax following tracheostomy, and obstruc- 
tive emphysema pneumothorax following the inhala- 
tion of a poison. Kegardless of the etiologv, treat- 
ment is usually successful if the underlying condition 
can be controlled.—fohn L. Gwinn, M.D. 


Еттмам, IRvinG К. Demonstration and locali- 
zation of valvular calcification by planigra- 
phy. South. M. F., Dec., 1960, 55, 1529- 
1533. (From: Department of Radiology, 
Veterans Administration. Teaching Group 
Hospital, Memphis, Tenn.) 


Since the advent of cardiac surgery many patients 
are now referred for roentgenologic demonstration of 
calcification of cardiac valves. Calcifications of aortic 
valves may confirm the diagnosis of aortic stenosis 
even when there :s an associated mitral stenosis 
which dominates the picture 

While fluoroscopy has been long recognized as a 
means of demonstrating valvular and other intra- 
cardiac calcifications, this is not a useful method of 
recording the findings. Twenty-five cases were se- 
lected and studied in an effort to determine the 
roentgenologic method best suited to demonstrate 
and localize valvular calcification. 

The conventional chest roentgenogram and even 
the "over-penetrated" film of the chest were dis- 
carded in favor of laminagraphy as an accurate 
means of visualizimg and identifying calcification in 
the aortic and mitral valves. The left anterior oblique 
view separates the valves so that the aortic valve is 
in the middle third of the heart shadow and the 
mitral valve in the posterior third and at a lower 
level. Layers are cut at 1 cm. intervals from the 6 to 
12 cm. level. 

The findings in representative cases are presented 
in 6 figures, but urfortunately the reproductions are 
not good enough t» actually show the calcifications. 


—Richard E. Kinzer, M.D. 


Wutusrein, Н. L. Combined fluoroscopy and 

* endoscopy of lower respiratory passages and 
oesophagus. German Med. Monthly, Oct., 
1960, 5, 338-339. (Address: Universitäts- 
Hals-Nasen-Ohrenklinik, | Luitpoldkranken- 
haus, Würzburg, Germany.) 


The author describes a special table with a fluoro- 
scopic image amplifier and a television screen for as- 
sisting the endoscopist in the accurate visualization 
of the lower respiratory passages and esophagus dur- 
ing the removal of foreign bodies. 

This procedure certainly is much easier than the 
old method of trymg to direct the endoscopist with 
just a few glances through the old biplane fluoro- 
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scope. The patient, however, is anesthetized and 
respiratioa ts assisted by cuirass ventilator which is 
used instead of an iron lung. 

The amownt of radiation to the patient is also 
much less dwe to the image amplifier and, of course, 


the entire procedure is carried out in a lighted room. 
— ЕЁ. 5, Carey, М.Р. 


ABDOMEN 
Сох, Н. T., and Arran, W. R. The dumping 


syndrcme: clinical and radiological aspects. 
Lancet, Dec. то, 1960, 2, 1261-1263. (From: 
Withirgron. and Wythenshawe | Hospitals, 
Manchester, England.) 


This paper is based on an experience with 500 cases 
who had Fad an elective gastric operation in the past 
six years. It deals with the clinical aspects of the 
dumping ittacks which may follow the ingestion of 
certain nermal foods, and with the roentgenologic 
appearancesduring them. The authors have not used 
hypertone glucose to produce the symptoms. 

The pazients were classified їп two main groups: 
in one, the attack is brought on by a large meal; in 
the other bv particular foods. The authors are con- 
cerned in tims investigation with the patients whose 
dumping atracks are brought on bv particular foods. 

Clinica. Features. The patients who gave a clear 
history of Gumping attacks brought on by particular 
foods were invited to attend as outpatients, and 
were given these foods. Two points were considered 
to be important: first, the attempt to produce the at- 
tack should be carried out in a room at or above 
average ward-temperature; secondly, the patient 
must not һе down after eating but should walk 
slowly up and down. 

The authors reproduced fifteen attacks of dump- 
ing in the past six years, and these notes are based 
on their o»scrvations. They found that the outstand- 
ing symptom of the dumping attack is profound 
weakness usually associated with light-headedness. 
All other symptoms are relatively minor. The symp- 
tom is described by the patient as "feeling awful," 
"as if all che use had drained out of me," and, “as if 
I were gome to die.” During a severe attack of dump- 
ing, the patient is totally incapacitated. If he con- 
tinues to walk during the attack, he staggers and 
falls to the ground. He usually lies down, not to re- 
lieve the attack, but simply because he cannot stand 
up. The vertigo of which he is said to complain is not 
a true vertigo, but a sensation of being light-headed. 
The mos severe attacks include ocular symptoms. 
These have been described by the patient as an ina- 
bility to “oeus, a blurring of vision, the presence of 
dark shadow in front of the object looked at or a 
sensation о! seeing things as if far away. A patient 
was giver a newspaper to read. She was quite unable 
to read tae small print, but could read the headlines. 

Recumbency delays or prevents the onset of the 
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dumping attack, a vertical position does the oppo- 
site. The interval between taking particular foods 
and the onset of the dumping attack varies from two 
minutes to twenty minutes. 

Most patients become drowsy and irritable when 
the attack is passing off. Vomiting was noted only 
once, a small amount of bile being returned. No 
diarrhea has occurred in relation to the dumping 
attack. 

Roentgenologic Examination. Six patents. were 
studied during natural dumping attacks. A prelimi- 
nary examination after barium swallow outlined the 
gastric stump, stoma, duodenum or jejunum (ac- 
cording to the type of gastric operation). The patient 
was given the food responsible for the dumping and 
he was made to walk slowly up and down. He was re- 
screened at intervals and on the first symptoms of the 
attack a complete roentgenologic examination was 
done. If necessary, he was given a further swallow 
of barium. Immediately after the attack aad passed 
off, more roentgenograms were taken following fur- 
ther barium swallows (if necessary). Two sets of 
controls were used. 

The preliminary examination in all » patients 
showed a normal outline of the gastric stump, 
stoma, and upper jejunum and the duodenum, with 
the usual rapid emptying and hyperper stalsis. 

The screening in the 4 patients with severe attacks 
of dumping showed complete stasis and dilatation, 
affecting the gastric remnant, duodenum and jeju- 
num. All forward movement ceased. The appear- 
ance and disappearance of these changes coincided 
with the start and finish of the dumping attack. The 
2 patients with less severe attacks showed similar 
changes but to a lesser degree. All roentzenograms 
taken immediately after the attack revcaled com- 
plete return to the normal emptying and normal 
hyperperistalsis as demonstrated in the preliminary 
examination. 

The authors conclude that dumping atracks after 
subtotal gastrectomy may be brought on by eating 
specific foods— milk, milk puddings, czgs, fatty 
foods, chocolates, and pastries. A severe attack may 
incapacitate the patient. Walking, especially in a 
warm atmosphere, and taking foods thet are hot 
increase the severity of the attack. 

Roentgenologic examination during attacks shows 
stasis, dilatation and no peristalsis in the gastric 
remnant, duodenum, and jejunum. The «ppearance 
and disappearance of these changes coimcide with 
the start and finish of the attack. The worse the at- 
tack, the more striking are these changes. —C. Peter 
Truog, M.D. 


STUART, CHARLES. Perforated peptic ulcer; 
radiological review of 50 consecutive cases. 
F. Coll. Radiol. Australia, June, 1960, 4, 
32-38. (From: The Fremantle Hospital, 
Western Australia.) 
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The author has reviewed the roentzenographic 
findings in 50 consecutive cases of this condition. 
He routinely takes four roentgenograms: chest pos- 
teroanterior erect, abdomen posteroanterior or an- 
teroposterior supine and erect and abdomen in lat- 
eral decubitus position. In his experience fewer than 
ç per cent of the cases are unable to stand for the 
erect roentgenographic study. The whole examina- 
tion takes less than fifteen minutes to perform. 

In this series there was an 88 per cent accuracy in 
the demonstration of free gas within the abdominal 
cavity. However, some leaks were small and difficult 
to detect. The amount of gas varied considerably 
and bore no direct relationship to the t me interval 
between perforation and the time of roentgen study, 
or to the size of the perforation. The second impor- 
tant point in perforations is the presence of free fluid 
in the peritoneal cavity and evidence of this was 
seen in most of the author's cases. 

The conclusion is reached that this type of exami- 
nation is of great value in the early diagaosis of per- 
forated peptic ulcer.—A. E. Childe, M.D. 


SrRANDJORD, N. M., Mosetey, R. D., JR., and 
ScHwEINEFUS, R. L. Gastric carcinoma: ac- 
curacy of radiologic diagnosis. Radiology, 
Mar., 1960, 74, 442-451. (Address: N. M. 
Strandjord, Department of Radiclogy, Uni- 
versity of Chicago, Chicago 37, lll.) 


The authors have studied 283 cases of gastric 
cancer to determine the accuracy of the roentgeno- 
logic diagnosis. In all cases the roentgenograms, cy to- 
logic, gastroscopic, and operative reports, surgical 
pathologic data, and autopsy records were analyzed. 
The correct diagnosis was made roentgenologically 
in 219 cases (78 per cent). In 18 (6 per ceat) differen- 
tiation was not possible. The failure rate was 16 per 
cent, but in only 14 of the 46 cases interpreted as 
failures was the roentgenologic interpretation 
"normal." Thus, the roentgenologic detection of ab- 
normality was 95 per cent. Cytology was performed 
in 157 of the 283 cases. Twenty-four (15.3 per cent) 
were incorrectly diagnosed as normal. Cytology ap- 
peared to have its highest accuracy in the same 
group of cases in which roentgen-ray diagnosis was 
definitive. Gastroscopy, performed in the 64 cases 
without a positive roentgen diagnosis, led to the 
positive diagnosis of malignancy in 38 per cent. 

By using all diagnostic techniques, а diagnosis 
can be made preoperatively in 94 per cent. Roentgen 
diagnosis holds now, and will continue to hold, a pre- 
eminent place in the diagnosis of gastriz neoplasm. 
—Arno W. Sommer, М.Р. 


MELAMED, ABRAHAM, Havkonr, RoBERT S., 
and Carraw, Ковевт E. Pyloric antral mu- 
cosal diaphragm with transpyloric mucosal 
prolapse. Radiology, Mar., 1960, 74, 452-457. 
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(Address: A. Melamed, 620 N. 19th St., Mil- 
waukee, Wis.) 


The authors review the literature of the 5 previ- 
ouslv reported cases of pyloric antral mucosal dia- 
phragm and add a sixth case. This rare, apparently 
congenital, anomal- probably arises during the em- 
brvonic stage of development at a time when the 
esophagus and stomach are solid for a brief period; 
the membrane develops at a site where secretion 
vacvoles fail to develop and no lumen is produced. 
The submucosa then grows in from the sides to form 
a rirg-like diaphragm. The ultimate anomaly, either 
atresia, stenosis, or diaphragm, depends on the size 
and position of the developmental failure. 

This diaphragm may cause symptoms immediately 
after birth or during adult life, apparently dependent 
on the size and location of the diaphragmatic open- 
ing. The roentgenographic examination reveals a 
smooth luminal narrowing with a diaphragm-like 
filling defect havinz a central or eccentric opening. 
The opening in the diaphragm should vary little, if 
at all, during roeatgenography. Peristaltic waves 
proximal to the d aphragm produce effacement of 
the gastric rugae; caudad to the diaphragm, there IS 
а tendency toward development of transpyloric mu- 
cosal prolapse. Cephalad movement of the distal 
mucosa during systcle— Golden's phenomenon—is 
prevented by the diaphragm. Should the symptoms 


warrant, surgery is the only successful form of ther- 
apy.— John S. Alezander, M.D. 


MicHener, Wittiam M., Kennepy, ROGER 
L. J., and DcSuane, James W. Duodenal 
ulcer in childhood; ninety-two cases with 
follow-up. Am. J. Dis. Child., Dec., 1960, 
700, 814-817. (From: Mayo Clinic, Roches- 
ter, Minnesota.) 


This paper gives a follow-up report on 92 of 109 
infants and children with duodenal ulcer observed at 
the Mayo Clinic ir a twenty-year period. The ages of 
the patients at the time of diagnosis ranged from 
fourteen days to fcurteen years. 

The clinical features vary with age at the time of 
onset. In the new»orn, duodenal ulcer is suspected 
because of hematemesis or passage of blood from the 
bowel or both, or because of signs of intestinal per- 
foration. In many of the patients under ten years 
of age, no signs от symptoms typical of ulcer were 
noted. Abdominal pain was the only common find- 
ing. and this seldom bore any relationship to meals. 
In 35 of the 92 children, the pain did awaken them 
at night. 

Of the 92 children diagnosed as having an ulcer, 
£3 became asymptomatic within four weeks after be- 
ginaing of treatment and did not have further diffi- 
culzy. Thirty-nine had recurring symptoms attrib- 
uted to ulcer. These recurring symptoms presented 
within five years or less. In approximately 30 per 
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cent of the patients in whom the diagnosis was made 
at the age: © five to nine years, there were recurring 
symptoms, kat in those between the ages of ten and 
fourteen years, there was approximately 50 per cent 
recurrence “ine of the 39 cases of chronic or recur- 
ring symptoms had surgical treatment some time in 
the course o their illness. At the time of follow-up, 
44 of the 32 patients were fifteen years or older.— 


John L. Gwian, M.D. 


BLUTH, rwiN. Gastrointestinal carcinoid tu- 
mors; roentgen features. Radiology, April, 
1960, 74, 573-580. (Address: Beth-El Hos- 
pital, Breoklyn 12, N. Y.) 


The subject of carcinoid tumors of the gastroin- 
testinal tzac- is reviewed and 4 cases are reported. 
The carcixcil tumor was located in the ileum in 2 of 
the authc-'s cases, in the ascending colon in 1 case 
and in the sigmoid colon in the fourth case. 

The tyo:cal carcinoid tumor may appear as а 
small submucosal nodule. Less often, it is a polypoid 
or an anrular growth. The epithelium over the tu- 
mor is usiz ly intact, although occasionally it may 
be ulcera-e. Carcinoid tumors may occur in any 
portion o the gastrointestinal tract; but the most 
common -ite is the distal portion of the ileum. It is 
carcinoid: in this location which most frequently 
metastasge and eventually lead to the carcinoid 
syndrome. The malignant carcinoid syndrome con- 
sists of caronic diarrhea, flushing and cyanosis, res- 
piratory discress, and right-sided cardiac disease. It 
has been described only in the presence of metastatic 
malignan- earcinoids with large numbers of func- 
tioning cells, usually in the liver. 

It is suzgested that all gastrointestinal carcinoids, 
except thos: of the appendix, be regarded as malig- 


папі. Ær W. Sommer, M.D. 


Morcar, LESLIE A., and Parks, Raymon E. 
A doabe-blind study of oral cholecysto- 
graph c media; orabilex and telepaque. Radi- 
ology, Nar., 1960, 74, 436-441. (Address: 
L. A. Morgan, 7 West Columbia St., Or- 
lando, Fla.) 


The attiors report the results of a double-blind 
study of oral cholecystographic media using tele- 
paque (i»p.noic acid) and orabilex (bunamiod yl). 
The prim агу purpose of this study was to evaluate 
by a purely objective method (a) the side reactions 
and adverse effects of the two agents, (b) the degree 
оЁорасібса ion of the gallbladder and bile ducts, and 
(c) the ferm and amount of residual material within 
the gastmoiutestinal tract. 

А тогай «f 187 patients had complete roentgeno- 
graphic examinations, 92 with orabilex and 95 with 
telepaque. Comparable doses of the two media were 
given. Neither the patient nor the physician knew 
which med um had been ingested when the inter- 
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views regarding reactions were held or when the 
roentgenograms were being interpreted. 

The results showed that there were approximately 
50 per cent fewer side reactions for orabilex than 
there were for telepaque. A total of 63 various com- 
plaints were elicited in the 92 orabilex cases as com- 
pared with 122 complaints in the 95 telep- que cases. 
The degree of density was essentially tle same in 
both series with the number of poorly and nonvisual- 
ized gallbladders being the same for bot^ contrast 
agents. Similarly, no marked difference wzs noted in 
evaluating the gallbladders of fair and good visuali- 
zation, although there was a slightly highe- incidence 
of good opacification with orabilex. The degree of 
bile duct opacification, achieved only after the fat 
meal, and the number of patients in whom opacifica- 
tion occurred were statistically comparabe. Eighty- 
nine of the patients who received orabilex or 96 per 
cent, showed no residual opacities in the bowel, or 
only a trace or minimal amount, comparec to 27 pa- 
tients, or 28 per cent, who received telepaque and 
who showed no opaque residue. 

It is the opinion of the authors that oral ilex repre- 
sents the most significant refinement in ora. cholecys- 
tographic media to date.—Donald N. Dysart, M.D. 


Cimmino, Curistran V. Cholesterolosis. Radi- 
ology, Mar., 1960, 74, 432-435. (Address: 
Mary Washington Hospital, Fredericks- 
burg, Va.) 


The purpose of this paper is fourfold: to furnish 
some background material on cholesterolosis for the 
radiologist; to review briefly the roentgeno egic diag- 
nosis of cholesterolosis; to offer evidence that the 
cholesterol polyp may be a temporary, "pre-stone" 
state; and to reaffirm the opinion that cholesterolosis, 
as suggested by the polyp, is an adequate adication 
for removal of the gallbladder. 

There are thought to be two factors in the produc- 
tion of cholesterolosis: (a) inflammation, csually of 
low intensity; and (b) elevated bile choles-erol. The 
reason for the deposition of cholesterol es-er, either 
diffusely in the subepithelial tissues or in focal ac- 
cumulations within a fold, is not known, as at times, 
multiple, small, pure cholesterol stones are found in 
gallbladders removed surgically with no evidence of 
any mflammation. 

These small focal accumulations in a "eld quite 
often form a polypoid or papillomatous structure 
projecting into the gallbladder lumen. Ther may be 
single or multiple, and characteristically are fixed 
in position. They may not be evident on a subsequent 
examination due either to involution or to severance 
of the stalk, in which case they may be таззей on 
through the biliary passages or remain ard form a 
nidus for stone formation. The concentrat on of the 
opaque medium in the gallbladder invarizbly is ex- 
cellent and a post-fat meal film is almost always 
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necessary for visualization of these small structures. 
In the series studied by the author the largest of the 
filling defects was 5 mm. in diameter. They were 
found in all thirds of the gallbladder but none were 
in the extreme fundus. At times, a marked indenta- 
tion or incisura in the contour of the opacified gall- 
bladder was present. The reason for this was not ap- 
parent. 

The author discusses 1 patient in whom a fixed 
filling defect in the opacified gallbladder was seen, 
but six months later this was gone and several small 
stones were apparent. Examination of the excised 
gallbladder confirmed the presence of stones and dif. 
fuse cholesterolosis but showed no excrescences of 
any kind. 

It is the opinion of the author that, wken multiple 
fixed defects are seen, the diagnosis of cholesterolosis 
is reasonably certain; however, when a single fixed 
defect is present, the patient should have surgery as 
there is always the chance that a premalignant or 
frankly malignant lesion exists.—Dozala N. Dysart, 


M.D. 


КАҮЕ, J. Preparation of the colon for radio- 
logical investigation; using a new laxative. 
Med. Proc., Oct., 1959, 5, 458-463. (From: 


Radiclogical Department, Johannesburg 
General Hospital, Johannesburg, South 
Africa.) 


A new contact laxative has been developed in 
Europe during the past few years. It -s available 
here under the trade name “‘dulcolax.” It is a pure, 
crystalline compound, tasteless, odorless, colorless, 
and insoluble in water and alkalis. It is a methane 
compound (4,4-diacetoxy-diphenyl-pyridyl-2) which 
is not absorbed into the blood stream and has no 
action via the systemic circulation. It is thought to 
act directly on the colon through a loca. reflex arc. 
It has little or no effect on the small bowsl. 

Among other attributes it has been fcund not to 
irritate colon mucosa even after prolonged adminis- 
tration with large doses. Satisfactory evacuations in 
cases of megacolon have been reported. There are no 
apparent contraindications to its use other than the 
acute surgical abdomen. 

A series of 150 patients was evaluated after using 
dulcolax preparation of the bowel. The new laxative 
was found to be more effective in remova. of gas and 
feces from the colon than the bowel washouts, 
enemas, and laxatives employed in controls. Patients 
rarely complained of cramps or excessive bowel 
action when taking the tablets or suppositories. 

The following dosage schedule is recommended: 
three tablets are taken the evening before the colon 
examination; a suppository is used one hour before 
the roentgen study. For patients who are very consti- 
pated, an additional two or three tablets may be 
given two days before the examination. Dosage is 
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reduced if diarrhea is present. Enemas are elimi- 


nated.—Arch Н. Hall, M.D. 


Kisser, P., CounrEssow, L., Dureux, J..B., 
RaunBER, G., and AwrHoiNE, D. (Nancy, 
France.) Le  mégadolichocolon  saturnin. 
(Saturnine megadolichocolon.) Presse méd., 
Oct., 1960, 68, 1739-1742. 


Lead poisoning can cause megacolon, either seg- 
mental or complete, and the distention can persist 
for months after treatment and the disappearance 
of symptoms. The authors contribute 2 cases similar 
to the longer series reported by Levrat and others. 
This saturnine (lead) megacolon can give the ap- 
pearance of an idiopathic type; properly, however, 
it should be classifed with the functional megacolons 
of toxic origin, of which morphinism provides an- 


other example.— Frank A. Riebel, M.D. 





TRENTA, A., Caucourpe, F., Birare tt, B., 
and Scuiriwo, A. Considerazioni clinico- 
radiologiche sulla rigenerazione della colec- 
isti. (Clinical and radiological considerations 
on regeneration of the gallbladder.) Ann. 
radtol. diag., 1960, 33, 233-243. (From: Isti- 
tuto di Radiologia dell "Universita di Pavia, 
Pavia, Italy.) 

The authors bised their studies on 160 patients 
who had had cholecystectomy. Intravenous injection 
of an opaque medium was given to visualize the 
biliary tract and films were exposed at 20, 40, 120 
and 180 minute mtervals. 

From these studies the authors concluded that the 
remnant of the cystic duct becomes enlarged in any 
condition which dilates the entire biliary tract, such 
as in cases of am impacted stone in the common 
duct or spasm er scar tissue contraction at the 
sphincter of Oddi. This may also occur when there 
has been incomplete removal of the neck of the 
ga Ibladder. 

Reflux of contrast medium into the duodenal cap 
may be misinterpreted as being within the biliary 
tract. 

The authors feel that the terms "regeneration" 
and "pseudoregeneration" of the gallbladder should 
be eliminated, since proof is lacking that these proc- 
esses occur.— Peter E. Russo, M.D. 


GYNECOLOGY AND OBSTETRICS 
Gros, C. M., WEILL, F., and Renaup, R. L’ex- 


ploration raciologique sans préparation du 
placenta praevia. (Radiologic examination 
of placenta previa without preparation.) 7. 
de radtol., d'électrol. et de méd. nucléatre, Oct., 
1960, 47, 556-562. (From: Service central 
de Radiologie, Hópital civil de Strasbourg, 
France.) 
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In the examination of placenta previa, the usual 
techniques applied to soft tissue studies are not ap- 
plicable. The considerable thickness of the abdomen 
in pregnancy would necessitate too long an exposure 
if, for example the factors used in mammography 
were util zed. In consequence, a kinetic blur would be 
inevitable, the roentgen-ray tube would be greatly 
overloaded, and the patient would receive a danger- 
ous dose. 

If more penetrating roentgen rays are used with an 
appropriate exposure time, the anteroposterior roent- 
genogram is satisfactory, but the lateral roentgeno- 
gram taken with the patient in an erect position is 
unsatistectory because the absorption gradient be- 
tween the soft abdominal parts and the pelvic struc- 
tures is тоо great. To obviate this discrepancy, two 
different exposures may be used but, in obstetric 
radiology, the number of roentgen studies should be 
reduced to a minimum. 

There are two ways of resolving these problems: 
the use cf a differential filter, or logEtronic reproduc- 
tion. The authors have combined the two with suc- 
cessful results. They have devised a triangular filter, 
htted te the roentgen-ray tube when the lateral 
roentgerozram 1s taken; the thickest portion of the 
filter covers the superficial soft parts of the abdomen, 
which are very radiolucent, while the thinner portion 
of the niter faces the prevertebral region, which is of 
greater density. The posterior lumbopelvic area, 
which is very opaque, is not covered by the triangular 
filter. 

This alter is placed at the level of the tube-dia- 
phragm, which is 15 cm. from the focus. Film-focus 
distance is 100 cm. and, at 100 kv., the maximum 
filtration of the triangular filter is 30 mm. Al. The 
thickness of the mesial part of the filter is 14 mm. In 
its thickest part the filter absorbs 93 per cent of the 
rays, and in its thinnest part, 75 per cent. With 100 
kv., an exposure at 175 mas. is usually necessary for 
the lateral roentgenogram. 

The zuthors first take a roentgenogram with the 
patient in a standing lateral position, and, if a nor- 
mally located placenta is seen, the examination is 
terminated. If not, an anteroposterior roentgeno- 
gram ts also taken. Sometimes, a study using a local- 
izing cone will complete the examination. The films 
are thea reproduced logEtronically. 

Using a high kilovoltage, the dose to the fetus is 
greatly reduced. The authors’ measurements show 
a skin cose of 2.5 r in the center of the field for the 
anteroposterior proJection and o.3 r in the lateral 
projection with the triangular filter interposed. 

Normally, the placenta appears on the lateral 
roentgeanogram in the mid-upper pole of the uterus, 
but rarely posteriorly or anteriorly. The placenta 
shadow varies in thickness from 2 to § cm. according 
to its postion in the upper pole or slightly lateral to 
it. This shadow is composed of the placenta and of 
the uterine wall, which is about 1 ст. thick. When 
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the placenta is laterally inserted, its aspect is similar 
and is seen only on the anteroposterior roentgeno- 
gram. 

The diagnosis of placenta previa 1s based on direct 
and indirect signs: (1) absence of a norma. placenta 
shadow in both anteroposterior and latera! projec- 
tions; (2) displacement of the presentation, which 
on the lateral roentgenogram should not be more 
than 3cm. from the pubis and not more thin 1.5 cm. 
from the promontorv; on the anteroposter or roent- 
genogram, the presentation is usually central in loca- 
tion; the signs of displacement of the presentation 
must be carefully evaluated, especially when the 
gestation is far from term; and (3) direct visualiza- 
tion of placenta previa, which is greatly enhanced by 
use of the logEtron. Placenta previa centralis pro- 
duces a definite displacement on the antereposterior 
roentgenogram. If located on the anterior margin, 
the placenta is easily seen on the lateral roentgeno- 
gram extending beyond the pubic bone; f located 
laterally, placenta previa must be searched for by 
other means than anteroposterior roentgenograms, 
on which the pelvic bone makes its presence hard to 
recognize. The posterior marginal locaticn of the 
placenta is the most difficult to diagnose amd its dif- 
ferentiation from the surrounding structures is 
greatly improved with the logEtron. 

In most cases, the study of direct ¿ənd indi- 
rect signs will lead to a correct diagnosis. — 77. P. 
Lévesque, M.D. 


Rossi, Piinio, Rizzi, Јонм, and bE SaAnris, 
VICTOR. Simultaneous lateral placentogra- 
phy. Radiology, Feb., 1960, 74, 298-299. 
(Address: P. Rossi, Queens Genera Hospi- 
tal, Jamaica 32, N. Y.) 


Roentgenographic localization of the pl: centa in 
the third trimester is described by the authors. This 
procedure is accomplished by using a routine 14X17 
inch cassette loaded with three unexposed fi ms. The 
cassette 1s placed so that a lateral view of the patient 
includes the entire uterus, sacral promontory, and 
the symphysis pubis. The tube, at a до inch fastance, 
with a 4 mm. Al filter and о.5 mm. oil, is centered 5 
cm. dorsally and caudally from the geometr c center 
of the cassette. The exposure factors are | ;o mas. 
and from 100 to 110 kv. peak. The three exposed 
films receive standard processing. In develcping the 
middle film, which has been shielded from the full 
effect of the intensifying screens by the 5lms on 
either side, 1t is sufficiently underexposed tc demon- 
strate clearly the anterior uterine wall. Tae other 
films are sufficiently exposed to show the spine, the 
posterior uterine wall, and the pelvic Боту struc- 
tures. 

This method was used successfully in 25 cases. In 
no case where the placenta was in the antericr or pos- 
terior wall or upper uterine segment was there failure 


to localize it correctly.—_W. M. McBride, M.D. 
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GENITOURINARY SYSTEM 


DaEscuNER, C. W., SINGLETON, E. В., and 
Cortis, b C. Urinary tract саси: and 
nephrocalcinosis in infants and children. $. 
Pediat., Nov., 1960, 57, 721—732. (Address: 
Department of Pediatrics, University of 
Texas School of Medicine, Galveston, Texas.) 


The authors summarize the roentgenographic and 
clinical findings in 24 infants and children with cal- 
culous deposits in the kidney and urinary tract. The 
presence of calculus was suspected in 6 patients on 
the basis of hematuria, pain, fever and generalized 
abdominal pain. In g patients, calculous disease was 
not clearly indicated by the symptomatology. The 
presence of calculus formation was established by ab- 
dominal roentgenographic examination in all of these 
15 patients. It was unilateral in 12 patients and bi- 
lateral in 3. Complicating conditions, which were as- 
sociated with nephrolithiasis, include chronic or re- 
current pyelonephritis, stenosis at the ureteropelvic 
junction with hydronephrosis, stasis from muscular 
paralysis and immobilization, hyperparathyroidism, 
and bladder neck obstruction. 

Vesical calculi were identified in 7 patients. The 
stones appeared to be primarily in the lower urinary 
tract in 6 instances. The calculus was asymptomatic 
in 4 instances and was identified by a -oentgeno- 
graphic survey of the abdomen. Gross hematuria, 
marked pain associated with micturition, and acute 
urinary retention were present in 3 patients. 

Diffuse calcification of the renal parenchyma oc- 
curred in 3 patients. Renal tubular acidcsis, exces- 
sive vitamin D intake and idiopathic infantile hyper- 
calcemia were listed as possible etiologic tactors. 

Chemical analysis of the calculus was made and 
recorded in 14 of the cases. In all but 1 case, the 
analysis revealed a mixture of many calcium com- 
pounds—usually calcium oxalate, calcium phos- 
phate and calcium carbonate. There were no ex- 
amples of uric acid stones or urates. The stones in 
most of the 24 infants and children were associated 
with the combination of infection and congenital ob- 
struction.— James F. Martin, M.D. 


Rotiesron, С. L. Lower urinary tract dis- 
orders in children. 7. Co//. Radiol. Australia, 
June, 1960, 4, 15-20. (From: Department of 
Radiology, Christchurch Hospital, New Zea- 
land.) 


At the outset the author admits there is no one 
subject in urology which is so poorly understood, 
and concerning which there is such a variation of 
opinion, as disorders of the lower urinary tract in 
children. He feels that they are due to either a func- 
tional or to an obstructive abnormality. In order to 
differentiate between these groups by micturition 
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cystography, it 1s necessary to obtain information 
regarding the capacity and tone of the bladder, the 
presence or absemce of vesico-ureteric reflux, the 
functional anatomy cf the bladder neck and urethra 
during micturition and the ability of the bladder to 
empty with and without the stretch reflex. 

The technique of micturition cystography 15 de- 
scribed, stressinz the fact that the success depends 
entirely on the cooperation of the child. Most chil- 
dren over the aze of four vears will cooperate, but in 
infancy it 1s necessary to use general anesthesia and 
obtain the micturition cvstogram by manual expres- 
sion. 

When obstruction is present, residual urine 15 due 
to failure of bladder contraction. In functional dis- 
orders there is a false residuum due to a ureteral 
residue. The bladder capacity is often smaller than 
normal when there is obstruction, although it will 
show a considerable increase when the bladder mus- 
culature dilates. The capacity of the bladder is 
usually greater than normal in functional disorders. 
Trabeculation of the bladder is characteristic of ob- 
struction. Uretera! reflux occurs only in the presence 
of bladder dilatation when obstruction is present; 
yet, it is frequently observed in functional disease 
particularly during micturition. Contractions of the 
ureters tend to be sluggish in obstruction but in 
functional megaureter they are vigorous and pur- 
poseless. In functional disorders the diameter of the 
bladder neck or urethra 1s normal; when obstruction 
exists the diameter is decreased.— 4. E. Childe, M.D. 


Concer, Kyrit B., and Tous, Louis. Obstruc- 
tion of bladder neck in male infant and child; 
present concepts of diagnostic methods and 
management, and report of I4 cases. $. 
Pediat., Dec., 1960, 57, 855—875. (From: De- 
partment of Urology, Temple University 
School of Medicine and from St. Christo- 
pher's Hospital for Children, Philadelphia, 
Pennsylvania.) 


Obstruction of the bladder neck is a common cause 
of kidney destruction in male infants and children. 
The disease becomes irreversible unless arrested by 
telief of the obstruction. Conservative treatment is 
as harmful as it would be in cases of Wilms’ tumor. 

Renal secretion begins in the fetal period and ob- 
struction of the bladder neck can produce hydro- 
nephrosis incompatible with extrauterine life. There 
are two extremes: the nonviable newborn infant with 
completely desroyed kidneys and a young adult with 
borderline vesical neck contracture and equivocal 
symptoms. The majority of patients lie between 
these two extremes, comprising young children with 
kidney function good enough to sustain life, but ob- 
struction severe enough to cause rapidly progressive 
renal destruction and failure. 

The obstruction can be due to congenital valves 
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of the prostatic urethra, hypertrophy of the veru- 
montanum, contracture of the vesical outlet or hy- 
perplasia of the prostate. 

The signs and symptoms vary and may consist 
only of a slight diminution of the force and size of 
the stream devoid of proper projectile force, with the 
infant lyane on his back. The severe cases show 
dribbling residual urine, a mass in the suprapubic 
area due to a full bladder, and later fullness in the 
flank. An infant with a constantly wet diaper or one 
who gets purple and cries when voiding should be 
thorough y investigated. 

Relief of obstruction can be obtained by indwelling 
catheter, suprapubic drainage and later surgery to 
remove the cause of obstruction. All of these pro- 
cedures «re described in detail. 

Cystograms and excretory urograms must be ob- 
tained. | emonstration of reflux flow irto the ureters 
on the cystegram indicates obstruction; so does resid- 
ual urine. The upper urinary tract must also Бе 
studied to determine the amount of hydronephrosis. 

This a-ticle is very enlightening since one tends to 
forget about vesical neck obstruction in the male in. 
fant. М: пу good roentgenograms are reproduced, 
and several drawings are included with 14 case re- 
ports. Many children with loss of weight, gastro- 
intestina. upsets, acidosis, convulsions or even coma 
can fit imto this group with bladder neck obstruc- 
tion. To avoid missing the obvious diagnosis, the 
authors suggest that no male infant be discharged 
from the nurserv until a competent person observes 
that he voids a good stream and that the mother be 
instructel to watch for signs of vesical obstruction 
during hs growth period.—F. S. Carey, M.D. 


SHICK, JOHN E., and SHEA, James J. Pyelo- 
ureteritis cystica; report of a case with spon- 
taneous rupture of the ureter. Radiology, 
Mar., 1960, 74, 468-470. (Address: J. E. 
Shick, Henry Ford Hospital, Detroit 2, 
Mich.) 


Pyelovreteritis cystica is the development of mul- 
tiple, small, submucosal cysts along the upper ureter 
and pelvis of the kidney. These present roentgeno- 
graphica ly as small radiolucent filling defects in this 
area. The condition is usually associated with a uri- 
nary tract infection. As a result of inflammatory 
changes, there is downward proliferation of the sur- 
face epithelium with the formation of epithelial nests 
beneath -he mucous membrane. The central cells of 
the nests degenerate and small cysts are formed. 
The diagnesis is usually not difficult and can be 
made fron the intravenous pyelogram but retrograde 
pyelogra ns show the cysts to better advantage. Dif- 
ferentiat on from nonopaque stones, air bubbles, and 
blood clats is seldom a problem, while multiple papil- 
lomas tead to occur in the lower ureter. However, 
small pec unculated tumors in the pelvis and tubercu- 
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lous granulations may be difficult, if not impossible, 
to distinguish. roentgenologically. 

The authors report an unusual and interesting 
case of pyeloureteritis cystica which developed spon- 
taneous rupture of the ureter with extravasation. 
The patient, a forty-five year old man, was hospital- 
ized with a severe attack of left ureteral colic. A 
plain roengenogram of the abdomen showed a calcu- 
lus overlying the left sacroiliac joint and a retrograde 
pyelogram the following day revealed the calculus 
unchanged in position. There were typical, beaded 
radiolucent defects in the upper ureter anc pelvis of 
the kidney. Intravenous pyelography two days later 
showed the stone 1 cm. lower and, in addition, there 
was extravasation of the contrast material along the 
upper ureter due to spontaneous rupture. ®t uretero- 
lithotomy the retroperitoneal tissue was fcund to be 
edematous but no ureteral perforation was found. 
After removal of the stone the patient made an un- 
eventful recovery. 

In the case presented, it is presumed that extra- 
vasation was caused by extension of the cysts 
through the muscular coat and adventitia of the ure- 
ter. An intravenous pyelogram two weeks after the 
above episode showed patency and continuity of the 
ureter, although there was some irregularity of the 
upper ureter probably due to residual cysts.— 


Edward B. Best, M.D. 


Fister, Georce M., Nicpors, RusseLL L., 
ZABRISKIE, C. V., and Srucki, Joun F. 
Dynamic urethrography: cineradiographic 
method. 7. Urol., Dec., 1960, 84, 733-737. 
(Address: 704 Eccles Building, Ogden, Utah.) 


This is a somewhat different approach to the study 
of lower urinary tract disease and dynamies than has 
usually been reported. The authors have studied, by 
cineroentgenography and spot roentgenograms, the 
mechanics of voiding and ureteral reflux, and the 
physiologic anatomy of the bladder base and urethra. 
They use a combination of opaque contrast medium 
and carbon dioxide with a simple apparatus which 
allows them to alternate the media and to inject 
them under controlled pressure. Contrairdications 
to their procedure consist of urinary tract infection 
and recent surgical operations on the lower urinary 
tract. 

Premedication in the form of demerol is given 
shortly before the examination. A 16 to æF Foley 
catheter is placed in the anterior urethra amd the bag 
is inflated with 1 or 2 cc. of water. The opaque ma- 
terial and carbon dioxide are connected to a т 1. 
aspirator bottle. This bottle is placed at am angle of 
26? to the horizontal. The opaque material is allowed 
to run into the urethra at a pressure of 60 tc тоо mm. 
of mercury, and exposures are made with the cine 
camera at a rate of 7.5 to 15 frames per second dur- 
ing the injection. Carbon dioxide gas is thea allowed 
to enter the bladder until the patient feels a desire 
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to void. The catheter is removed, the table is put in 
the erect position, and the act of voiding is studied 
cineroentzenographically, using 15 to 30 frames per 
second. 

In 2 patients pantopaque marks were placed at the 
side of each ureteral orifice and at the ¿pex of the 
trigone. In these 2 patients the act of voiding was 
recorded with only a small amount of gas in the 
bladder and with no opaque material used. It was 
noted that the ureteral orifice moves downward and 
slightly medially along with the downward move- 
ment of the external sphincter during the initial 
phase of urination. This motion would elongate the 
intramural portion of the terminal ureter and thus 
give further mechanical insurance against ureteral 
reflux. 

These studies show that the interna sphincter 
opens a rraction of an instant before the external 
sphincter but that the two sphincters ac: almost in 
unison at the beginning of voiding. The entire floor 
of the bladder, the prostatic urethra, and the external 
sphincter descend approximately 1.5 cm. during the 
Initiation of urination. On voluntary interruption of 
the urinary stream, the external sphincter closes 
first. This is followed immediately by cortraction of 
the prostatic portion of the urethra. 

Pathologic studies were made on patients with 
prostatic hyperplasia, urethral strictures, and di- 
verticula. Seven composite illustrations show the 
equipment and illustrate the various appearances of 
the lower urinary tract during voiding.— George W. 
Chamberlin, M.D. 


Doy te, Owen W. Use of chlor-zrimeton to pre- 
vent reactions to hypaque in intravenous 
urography. $. Urol., Dec., тобо, 34, 776- 
778. (Address: 1013 Professiona. Village, 
Greensboro, N. C.) 


The author reports the use of 1 cc. of chlor-trime- 
ton, in addition to the usual dose of 30 cc. of hy- 
paque, for intravenous injection in боо patients and 
he compares the reactions to a series of hypaque in- 
Jections without chlor-trimeton in 200 p: tients. Не 
found that in the unprotected group 17 per cent had 
some type of reaction, but in the antihistamine 
treated patients only 8.3 per cent had an unfavorable 
reaction. The incidence of typically allergic reactions 
was reduced о per cent by the addition of chlor- 
trimeton. Vasomotor reactions and pain in the in- 
Jected arm are nonallergic phenomena aad did not 
differ between the control and experimental groups. 
Nausea and vomiting were reduced from ṣo to 75 
per cent and presumably these reactions also occur 
because of an allergic response.— George W. Cham- 
berlin, M.D. 


WatsH, ANTHONY. Hazards of bladder surgery 
following irradiation. ў. Urol., Nov., 1960, 
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Sf, 627-629. “Address: 9 Upper Fitzwilliam 
St., Dublin, Ireland.) 


The author reports 1 patient with papillary transi- 
tional ee | tumors of the bladder. He was treated by 
transurethral excsicn and coagulation of multiple 
bladder areas, folowing which he was given 4,200 r 
maximum tumor dose to the bladder. In spite of this 
therapy, he continued to develop recurrences within 
the bladder and an attempt was made to do a total 
cystectomy with an ileal loop transplant connecting 
the ureters and the prostatic urethra. Subsequently, 
the patient died and the autopsy findings indicated 
a definite lack of closure at the sites of anastomosis 
of the small intestine, of the ureters to the isolated 
loop, ane of the isolated loop to the prostatic urethra. 

The author recommends that, when cystectomy 
has to be performed following radiation therapy, one 
should abandon zny idea of fashioning an artificial 
bladder attached to the urethra. Furthermore, in 
such instances, the ureters should be implanted into 
the isolated loop bove the level of the pelvic brim 
so as to avoid the more heavily irradiated segments 


of the bowel anc urinary tract.— George W. Cham- 
berlin, М.П. 


SKELETAL SYSTEM 


Jeanmert-MicHez, Lovis. Les localisations os- 
seuses du granulome eosinophile. (Osseous 
localizations of eosinophilic granuloma.) 7. 
belge de radiel., 1960, 43, 135-176. (From: 
Service de Radiodiagnostic de Hôpital 
Saint-Pierre, Université Libre de Bruxelles, 
Brussels, Belgium.) 


Four cases of eosinophilic granuloma and 2 cases 
of Letteer-Siwe disease are presented in detail with 
good roentgenograpaic reproductions. 

The majority ef zuthors believe that eosinophilic 
granuloma, Harnd-Schüller-Christian disease and 
Letterer-Siwe disease are different stages of the same 
entity. A recent compilation by Blankoff shows 300 
cases of eosinoph lic granuloma, 450 cases of Hand- 
Schüller-Christiam disease, 1,150 cases of various 
kinds of xanthomatosis and about тоо cases of Let- 
terer-iwe disease. 

As to pathogenesis, no definite etiologic factor can 
be concusively c ted, even though trauma, viral in- 
fection, hypererg c allergic reaction, abnormal lipid 
metabolism, and familial eosinophilic diathesis have 
all been implicated. Fifty per cent of the cases are 
noted before the age of twenty. 

Ossecus lesions are mostly solitary and no particu- 
lar bone is spared. Loehr in 1947 described phalan- 
geal anc. metacarpal lesions. Usually, lesions are dis- 
covered accidentally, except for temporal or orbital 
lesions. Transient eosinophilia and, in one-third of 
the сазез, a mocerate increase in blood cholesterol 
can be noted. Histopathologic findings are conclu- 
sive as to the diaznosis of eosinophilic granuloma. 
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The essential roentgen characteristic is total os- 
teolvsis of a segment of bone, the lesion being of 
varying siz? and shape with clear borders and, sub- 
sequentl’, a peripheral reactive zone of condensa- 
tion. Ledoas in a vertebral body appear at first as 
osteolvtz? oci, followed by flattening. 

Solitary cysts, all benign and malignant tumors of 
bones, rau tiple myeloma, and even inflammatory 
osteitis, specific or nonspecific, should be ruled out in 
the ditfe-ertial diagnosis. Cranial lesions and, in par- 
ticular, me astatic foci present roentgen images very 
similar 50 those of eosinophilic granuloma. How- 
ever, the presence or absence of reactive zones of 
condens: tien and the age of the patients help in the 
different al diagnosis. Differentiation from congeni- 
tal syphisas often difficult.—firair N. Sarian, M.D. 


Fiserrr, J. Lacune corticale fibreuse méta- 
physcir et fibrome non ossifiant. (Cortical 
metaolyseal fibrous defect and nonossifying 
fibroma) F. belge de radiol., Apr., 1960, 45, 
317-.3*. (From: Service de Radiodiagnostic, 
Université de Liége, Belgium.) 


The aitaor reports 8 cases of typical nonossifying 
fibroma of the long bones. He attempzs to differenti- 
ate two 2n-ities, the cortical metaphyseal fibrous de- 
fect (Ceffey) and the nonossifying fibroma (Jaffé 
and Licitenstein), using the size as a differential 
sign. The ormer would be small (2 mm. to 5 cm.) 
and normaly would regress, but, if it should get big- 
ger (4 te 7 cm. in its longest diameter), it would be 
considered a nonossifving fibroma. The same histol- 
ogy 1s recoznized by the author for both lesions. The 
color vais from brown in early lesions to yellow in 
older ores and is produced by engorgement with 
fatty macrophages. He rejects the terms "fibroxan- 
thoma” ard “xanthogranuloma” because they lead 
to confusicn. 

This e isinction between the so-called cortical de- 
fect, vacicisly named by Sontag and Pyle (1941), 
Hatcher (945), Catfey (1955), and Lefebvre (1956), 
and the ncmosteogenic fibroma of Jaffé and Lichten- 
stein apoe-rs to this reader to be artificial. As a mat- 
ter of fect, both lesions are the same entity roent- 
genologxcaly and microscopically. The differentia- 
tion off rel by the author is redundant and serves 
no purpose». The term “nonossifying’’ or ‘“‘nonosteo- 
genic fil rema" should be retained and its synonym, 
fibroxarthoma, far from confusing, very aptly labels 
the lesien as being a tumor composed of fibrous tis- 
sue and xanthomatous cells. 

The author mentions that in the early phase of the 
ossifying t broma, which he calls the cortical meta- 
physeal fisrous defect, the aspect cf the lesion 15 
reminiseert of a periosteal desmoid tumor ( Kimmel- 
stiel amd Rapp). This is a most important point, 
which soald have been emphasized by the author, 
because rcentgenologically a small fibroxanthoma or 
nonossi ying fibroma may resemble a cortical des- 
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moid tumor, or conversely. Although they might 
present a similar aspect on the roentgenogram, clin- 
ically the latter usually is painful and most often is 
located in the distal femoral metaphysis along the 
linea aspera. Histologically, the periosteal desmoid 
tumor is composed of a nodule of dense fibrous tis- 
sue, arranged in broad whorled fibers, which forms 
a nidus in the external part of the cortex. l'ibroxan- 
thoma is usually not painful and is located within 
the cortex. Both lesions regress following puberty; 
but occasionally hyperostosis will develop in a fibro- 
xanthoma. 

In the differential diagnosis, the author mentions 
many entities, such as periosteal desmoid tumor, 
chronic cortical abcess, eosinophilic granuloma, soli- 
tary cyst of bone, mono-osseous fibrous dysplasia, 
cortical osteoid osteoma, giant cell tumors, periosteal 
chondroma and, finally, chondromixoid fibroma. 

Among the 8 cases which are presented with ex- 
cellent roentgenographic and microscopic reproduc- 
tions, 2 cases had been operated on mistakenly, 1 for 
a painful paresthesia with atrophy of the quadriceps 
and the other for a tiny effraction at the periphery 
of a fibroxanthoma considered to be an osteoclas- 
toma. 

Although visualization of these lesions is improved 
by using the tangential projection, all the author’s 
reproductions are in true anteroposterior and lateral 
views. 

This reader considers nonossifying fibroma and so- 
called cortical defects as different stages of the same 
process. Usually they regress completely, although 
sometimes thev are followed by osteosclerosis or 
cortical hyperostosis.—/7. P. Lévesque, M.D. 


Daescuner, C. W., SINGLETON, E. В. Hinr, 
L. L., and Dopcre, W. F. Metaphyseal dysos- 
tosis. ў. Pediat., Dec., 1960, 57, 9544-854. 
(From: Department of Pediatrics, Univer- 
sity of Texas College of Medicine, Galves- 
ton, Texas.) 


Abnormalities in conversion of cartilage matrix 
into bone occur in the primary dysplasia such as 
chondrodystrophy, or in diseases involving cartilage 
growth such as hypothyroidism, or in conditions in- 
volving deposition of calcium and phosphorus in 
bone matrix such as rickets or osteomalacia. 

In general, certain roentgenographic and clinical 
features distinguish the chondrodystrophies and cer- 
tain biochemical as well as roentgenographic changes 
characterize the osteomalacias. 

In this paper 3 cases are presented which roent- 
genographically exhibited changes in metaphysis 
without the biochemical changes usually seen, the 
characteristic alteration being widening of cartilagi- 
nous plate with irregularity of metaphysis. The epiph- 
yses were well formed and normal. The provisional 
zones of calcification were irregular but dense. These 
changes were more pronounced at the proximal and 
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distal femoral metaphyses but also present in the 
proximal and distal tibiae, and proximal humeri and 
distal radii and ulnae. There was some flaring also of 
the distal ends of the ribs. 

Clinically, there was no abnormality other. than 
short bowed legs and increased lumbar lordosis. 

Similar cases have been described by Jansen in 
1934 and Evans and Caffey in 1958. Fairbanks 
studying Jansen’s case commentec that there was 
no columnar arrangement of the cartilaginous me- 
taphyses as in dyschondroplasia. Evans ¿nd Cattey 
made a similar observation describing their biopsy 
specimen. 

The importance of accurate diagnosis in these 
cases is stressed since so often they are diagnosed as 
vitamin D resistant rickets or renal tubular acido- 
sis. If it is realized that “metaphyseal dysostosis”’ 15 
a new entity, the danger of avoidirg the hazards of 
vitamin D intoxication will be lessened. 

In the 3 cases presented the patients had bone le- 
sions suggestive of rickets, without abnormality of 
the calcium and phosphorus metabolism This ap- 
pears to be a form of dyschondroplasia primarily in- 
volving metaphyseal bone and producing -oentgeno- 
graphic changes in the metaphysis resembling osteo- 
malacia. 

This is a very interesting article in view of the 
many new changes in epiphyses and meta dhyses be- 
ing described in recent literature. There are photo- 
graphs of patients plus the pertinent roentgeno- 
graphic reproductions.—£. 5. Carey, M.D. 


Doy te, James К. Narrowing of intervertebral- 
disc space in children; presumably infectious 
lesion of disc. 7. Bone & Joint Surg., Oct., 
1960, 424, 1191-1200. (From: Children’s 
Hospital of East Bay, Oakland, Calif.) 


The symptomatology, physical findings, as well as 
laboratory and roentgenographic findings in 16 chil- 
dren with narrowing of an intervertebral space are 
presented. A brief review of the literature is also 
given. 

The typical clinical picture in this group is a 
child between two and four years of age who, for 
seven or ten days before admission, had symptoms of 
fever, stiffness of the back, back or hip pain, limp,’ 
refusal to sit or stand and night crying. Trauma to 
the back is frequently noted as 1s the asscciation of 
an infection of the respiratory tract or of diarrhea. 
The child is very irritable and does not like to stand. 
On examination, severe spasm of the muscles of the 
lower back is found. A slightly elevated leukocyte 
count and an increase in the polymorphonuclear 
cells are present. The sedimentation rate 1s moder- 
ately elevated, but the remaining laboratory find- 
ings are usually not informative. 

Roentgenograms of the spine at the onset of the 
symptoms may be negative, but after a period of one 
or two weeks, the narrowing of the lumbar interver- 
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tebral space may be observed. As a rule, there is very 
little involvement of the adjacent vertebral bodies. 
In very young chi dren, there is gradual widening of 
the intervertebral space over a period of two to eight 
months until the involved interspace may be re- 
stored virtually to normal. In older children, the 
intervertebral space does not usually return to its 
normal height. 

This entity is felt to represent an infectious type 
disorder of the disk. However, in 3 of these patients, 
either needle aspiration or surgical biopsy was done 
without any conclusive evidence as to infectious ma- 
terial. With the geod blood supply of the interverte- 
bral-disk spaces im children, it does seem reasonable 
to postulate that trauma to the back in the presence 
of a transient bacteremia from other causes could 
localize in the inte-vertebral disk. 

All the patients in this series were treated with 
bedrest during the acute phase of their illness and the 
average duration ef the bedrest was one month. After 
the acute symptoms subsided, most of the patients 
were fitted with sceme form of back support. However, 
no striking differences are reported in the results in 
the patients treated with back supports and those 
treated without back supports. Antibiotics were 
given to most patients without any conclusive re- 
sults. 

There are 15 roentgenographic reproductions dem- 
onstrating the na-rowing of the disk spaces and the 
improvement with time. There is also one table sum- 
mzrizimg the findings in the 16 рабепеѕ. — ойи L. 
Geinn, M. D. 


Mepun, Vernon L. Hypertrophic osteoar- 
thropathy ir children. Radiology, Mar., 
1960, 74, 412-419. (Address: University of 
Mississippi Medical Center, Jackson, Miss.) 


Hypertrophic csteoarthropathy is a disease char- 
acterized by clubbing of the digits and ossifying 
periostitis, prima-ily of the long tubular bones. It 
occurs as the sequel of a major visceral disorder, 
usually intrathoracic in location. It is not infre- 
quently seen in adults, but only 8 cases in children 
under the age of -welve have been reported to date, 
and the author adds 2 cases to these. 

The roentgenographic findings are primarily 
limited to the lorg tubular bones. The distal thirds 
of the tibia and fibula, and the radius and ulna are 
usually first invo ved, with the femur and humerus 
next in frequency. The metacarpals and metatarsals 
occasionally are affected. The appearance of the 
periosteal new bone can vary from a thin line to a 
marked thickenirg, and osteoporosis 1s usually seen 
when thickening of the new bone is pronounced. The 
new bone may be 6 to 8 mm. thick and may show 
layering which possibly represents remissions and 
exacerbations of the primary condition. The bony 
changes may disappear with cure of the primary dis- 
ease. 
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Differential diagnosis includes specific periostitis 
as seen witl osteomyelitis and avitammosis, syphilis, 
and sickle cell disease. Nonspecific periostitis pre- 
sents the most difficult differential. problem, and 
other aspeets of the illness must be considered to 
make the eiagnosis. 

The c uling represents an early stage of the dis- 
ease anc tke periosteal changes are an extension of 
the same process. Pathologic changes consist initially 
of thickeniag of the periosteum with infiltration by 
lymphocyt-s, plasma cells, and a few polymorpho- 
nuclear levkocvtes. Then osteoid is laid down, be- 
coming cal-ified as the inflammatory stage subsides, 
with thc o-iginal cortex becoming osteoporotic. All 
of these changes may be seen in different areas of the 
same boae at the same time. 

Numerors theories of etiology and pathogenesis 
have been advanced and the disease has been pro- 
duced experimentally in dogs by anastomosis of the 
left auricle and pulmonary artery. The most recent 
theory 5 hat the manifestations of hypertrophic 
osteoartarcpathy are caused by a pulmonary neural 
reflex mediated by the vagus nerve.— 7. C. Moore, 


M.D. 


GRaNp, Mitton J. H., EICHENFELD, STUART, 
and Jacospson, НАко:р С. Sacral aplasia 
(ageres s). Radiology, Apr., 1960, 74, 611-618. 
(Address: M. J. H. Grand, Montefiore Hospi- 
tal, New York 67, М. Y.) 


Sacra a»asia is of infrequent occurrence and of 
unknown etiology. The authors present 3 new cases 
of which 2 were complete and 1 partia.. Conceivably, 
illness, pyrexia, “toxic substances," or heredity may 
be the Causes. 

These caildren have a cone shape to the lower 
limbs dae to neurogenic defects (L-5 to S-5) and 
atrophic muscles supplied by these nerves. Sensory 
changes ame less common. Orthopedic deformities, 
usually of -he paralytic type, are common. Clubfoot 
is present n over one-half of the cases, and disloca- 
tion of the hips is not uncommon. Clinically, the loss 
of gluteal masses and gluteal folds is noted; a fat 
pad is fourd over the sacral area. Urinary and fecal 
incontiren-e is usually present, and in т of the re- 
ported eases there was a suggestion of a neurogenic 


colon.— 7. С. Moore, M.D. 


ScaLirzer, M. Zur Róntgendiagnostik. der 
destmuktiven Wirbelsyphilis. (The roentgen 
diagnosis of destructive vertebral syphilis.) 
Wier. glin. Wehnschr., Oct., 1960, 72, 714- 
719. (Address: 1623 Brennen Road, Co- 
lumia S. C.) 


In ths study, comprising 7 patients, the direct ef- 
fect of spi»ochetes on bone is considered rather than 
the osseous changes which result from tabes and the 
associated loss of sensation. The roentgenologic 
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changes occur most frequently in the cervical spine 
but characteristic signs are also found quite com- 
monly in the lumbar region. The diagnosis of verte- 
bral syphilis can be made with considerable certainty 
from the following roentgen findings: the anterior 
portion of one or more vertebral bodies is extensively 
destroyed and shows a serrated border composed of 
small osseous prongs directed anteriorly; sclerotic 
changes are noted in the remaining portion of the 
vertebral body; hyperostoses and exostoses form 
bridges between vertebral bodies; spinal ligaments 
contain a. variable amount of calcification; despite 
the extensive destruction, there is no loss in the 
height of the involved vertebral bodies. When only a 
single vertebral body is affected or when the destruc- 
tive changes are less marked, the diagnosis may have 
to depend on the presence of typical, luetic involve- 
ment of other bones, such as the extremities, or on 
the dramatic response to antiluetic therapy. 
Vertebral syphilis can be differentiated from tuber- 
culous involvement, since the latter condition is 
characterized by a spotty osteoporosis, collapse of 
the vertebral body with gibbus formation, involve- 
ment of the intervertebral disk, cold abscess, and 
new bone formation late in the disease. Osteomye- 
litis causes a marked osteoporosis (sclerosis is a late 
manifestation), wedge-shaped deformity and abscess 
formation. Lymphogranuloma also produces changes 
similar to osteomyelitis. Sarcomatous changes have a 
rapid onset and should otherwise not be difficult to 
differentiate from the luetic involvement. Leukemia 
produces a predominantly osteolytic destruction. 
Metastatic lesions, comparable in extent to the 
luetic involvement, are accompanied by a rapid col- 
lapse of the vertebral body and the nature of the 
process is frequently brought to light by the dis- 
covery of the primary lesion.—7. Zausner, M.D. 


GARFIELD, J. S. Is radiological examination of 
the twisted ankle necessary? Lancet, Nov. 
26, 1960, 2, 1167-1169. (From: Casualty 
Department, St. Mary's Hospital, London 
W.2, England.) 


This study was undertaken to assess the value of 
roentgenographic examination in determining the 
treatment of injuries of the ankle, and to define the 
indications for such examination. One hundred and 
eleven patients with twisting injuries of one ankle 
were seen by the author in the casualty department 
of St. Mary's Hospital, London, within twenty-four 
hours of injury. Roentgenograms of the ankle in 
neutral position were taken in anteroposterior and 
lateral projections. The author found that three 
groups of injuries could be defined: (1) major frac- 
tures; (2) minor fractures, such as fractures of the 
base of the fifth metatarsal or avulsion of cortical 
flakes from the malleoli, talus, navicular or cuboid. 
The results of treating such injuries by strapping 
only were in no case worse than those treated by im- 


Abstracts of Radiological Literature 


APRIL, 1961 


mobilization in plaster; (3) ligamentous ir jury with- 
out bone damage. All cases in this group were treated 
simply by strapping. 

Ten of the patients were unable to walk after in- 
jury and only 2 of these had major fractures. The 
other 6 patients with major fractures were able to 
walk. Thus disability is no guide to the likelihood of 
major fracture. 

The severity of pain did not correlate with the 
presence of a major fracture. Only near the base of 
the fifth metatarsal did severity and site of pain sug- 
gest a specific minor fracture. 

In the absence of tenderness, it can be said with 
certainty that a fracture is not present; in this series 
those patients with the most tenderness over bony 
parts and soft tissues had no major fracture. Tender- 
ness over soft tissues rather than over bony points 
does not exclude a major fracture. Only in the case of 
fracture of the base of the fifth metatarsal was local- 
ization of maximal tenderness any sure guide to the 
site of fracture. 

The author also found that the absence »f bruising 
did not exclude a major fracture, nor was bruising 
more severe in those patients with major fractures. 

All major fractures were associated with swelling 
and, therefore, the author concludes that it is prob- 
ably safe to say that in the absence of swelling a 
major fracture is not present. 

Patients with major fractures did not 1ave more 
limitation of motion than those with purely soft 
tissue injury. Clinically, the absence of any swelling is 
a firm indication of the absence of anv significant 
bone or ligamentous damage regardless of the cir- 
cumstances of injury. 

Tenderness localized to the base of the ñfth meta- 
tarsal is a sure indication of fracture in this site only. 

The absence of moderate tenderness, bruising or 
swelling in a patient under sixty-one years of age who 
injures the ankle while walking is 2 good indication 
that there is no major bone injury. In the remaining 
cases the clinical features give only an inaccurate 
guide to the nature of the injury, and in these cases 
roentgenographic examination is necessary.—C, 


Peter Truog, M.D. 


Несск, F., and Scumipr, E. Die quantitative. 
Bestimmung des  Mineralgehaltes der 
Knochen aus dem Róntgenbild. (The quanti- 
tative determination of the mineral content 
of bones from roentgenograms.) Fortschr. a. 
d. Geb. d. Réntgenstrahlen u. d. Nuklear- 
medizin, Nov., 1960, 93, 523-554. (Address: 
Medizin. Univ.-Klinik, Róntgenabteilung, 
Kiel, Germany.) 

Attempts to determine changes in the mineral 
content of bones by roentgenography have been 
made, but no successful method has been established. 
The authors believe that they have developed such 
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a method. It is chnically satisfactory when com- 
pared with chemical determination. The roentgeno- 
logic method is efective with a +10 per cent 
methodical error. 

A reference system has to be established which 
allows comparison of long bone with a wedge of 
established density values. The authors have con- 
structed a step system of such values, consisting of 
blocks of hydroxy! apatite and a plastic material. 
Its chemical composition is very similar to that of 
bone and the apatite is distributed in the plastic 
material similar in size to the trabeculae. The physi- 
cal behavior to roentgen rays 1s similar to that in 
bone. Experimenta! data are presented to prove these 
contentions. There is definite influence of soft tissue 
density on bone density and the densities of the 
wedge. In order to minimize these differences, the 
wedge 1s placed under the soft tissue close to the 
bone. The proximal end of the femur is used. 

In practice, a goed roentgenogram must then be 
evaluated by means of a photometer. Technically, 
it has to fulfill certain physical requirements which 
are listed in detail in the article. The density values 
are plotted against the density values of the estab- 
lished reference system. 

Some clinical findings in normal and abnormal 


bones are discussec.—H. W. Hefke, M.D. 


Du Bercer, К. L., Masson, G., and SYL- 
VESTRE, J. Miikman’s syndrome—five cases 
of severe osteomalacia following gastric 
surgery. J. Canad. A. Radiologists, Sept., 
1960, 77, 57-66. (From: Hôpital Général 
St-Vincent de Paul, Sherbrooke, Quebec, 


Canada.) 


Milkman's syndrome, comprising osteomalacia 
with spontaneous and symmetric fractures of bone 
and abortive attempts at repair by nonossified callus, 
is a rarely reported sequel to postgastrectomy mal- 
function. The authors report 5 cases encountered 
between the years 1955 and 1959. 

[= is known experimentally that, after gastrec- 
tomy, adolescent dogs will consistently show a severe 
degree of osteomalacia, whereas adult dogs are not 
usually so affected. On this basis one may assume 
that, if the postgastrectomy Milkman's syndrome is 
uncommon in mar, it is partly because gastric sur- 
gerv 1s usually done in patients well past the growth 
period. All the patents in the authors’ series were 
in early adult life, the age at operation ranging from 
twenty-three years to thirty-four years. The interval 
between surgery and the onset of symptoms attribu- 
tub e to bone disease was approximately two to four 
years, with varying degrees of the dumping syndrome 
occurring during the interval. 

А commonly accepted theory to explain the dump- 
ing syndrome is based on the osmotic attraction of 
interstitial fluids into the jejunum by a small bowel 
bolus of high osmolarity, with a resultant state of 
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mild shock caused by lowered blood plasma volume. 
Recently, however, it has been shown that osmotic 
imbalance can be demonstrated in completely asymp- 
tomatic patients and the only distinctive feature be- 
tween symptomatic and asymptomatic cases is the 
existence of increased renal blood flow in those with 
symptoms. Thus, it seems unlikely that a single 
roentgen examination would predict the extent and 
severity of malabsorption or determine whether the 
dumping syndrome is symptom-producing or not. 

The cases reported illustrate that no clear connec- 
tion can be shown between the severity of the dump- 
ing syndrome and the degree of osteomalacia. One 
patient presented with complaints of lumbar, thoracic 
and pelvic pain in the absence of gastrointestinal 
or dumping symptoms. In 2 patients, determinations 
of blood plasma volume and blood glucose and 
potassium levels were made simultaneously with the 
roentgen examination after the patient had ingested 
2 ounces of barium in 150 cc. of 50 per cent glucose 
solution. A depression of serum potassium and a 26 
per cent deerease in blood plasma volume coincided 
with the roentgenographic finding of dilatation of 
the jejunum and edema of the mucosal folds. One 
patient experienced corresponding symptomatology, 
but the other was asymptomatic. 

It is conduded that the dumping syndrome and 
secondary osteomalacia as sequel of gastrectomy are 
more like y to occur in the young individual and that 
caution should be used in the evaluation and selec- 


tion of young ulcer patients for gastrectomy.— 
Leslie K. Sycamore, M.D. 


RicHarps, A. J. Non-tuberculous pyogenic 
osteomyelitis of spine. T. Canad. A. Radiolo- 
gists, Sept., 1960, 77, 45-49. (From: Regina 
Hospital, Regina, Saskatchewan, Canada.) 


Pyogeric«osteomyelitis of the spine has been diag- 
nosed more commonly in recent years than pre- 
viously, probably due to a greater awareness on the 
part of both clinicians and radiologists which, in 
turn, stems from the decreased incidence of tubercu- 
losis and the realization that in the past many cases 
of osteomyelitis have been misdiagnosed as tubercu- 
losis. 

Any of the common pathogens may be the infect- 
ing organism, but the majority of cases are due to a 
Staphylocoecus; typhoid, paratyphoid and Brucella 
infections occasionally occur. 

Batson's demonstration of the extensive anasto- 
moses of the veins of the vertebral column with those 
of the thoracic, abdominal, and pelvic cavities ex- 
plains the mechanism for metastatic involvement of 
the spine frem infections elsewhere. The focus follows 
the usua course of an inflammatory process with 
eventual destruction of bone and frequently some 
degree of collapse of the involved vertebra. If the 
destruction is peripheral, there may be correspond- 
ing wedging of the vertebral body. The intervertebral 
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disk may herniate into an area of destruction situated 
on the intervertebral margin. The neural arch may 
be involved and destruction of the pedicle may 
result in forward or lateral slipping of the vertebra. 
Rupture may occur into the neural canal with result- 
ant epidural abscess. The adjacent disk is usually 
involved by direct extension. Soft tissue extension 
is not as common a feature as it is in tuberculosis. 
Osteoblastic reaction to the infection occurs early 
and is a prominent feature. 

The author reports a series of 10 patients with 11 
lesions, 2 of the lesions occurring in the same patient 
at different levels. The majority of cases was in the 
lumbar spine. Roentgenologically, thinning of the 
intervertebral disk was the earliest and most reliable 
sign of the disease, except in 1 case invelving the 
central portion of the vertebral body. In the early 
phase this was associated with a loss of definition of 
the adjacent superior or inferior surface of the in- 
volved vertebral body. Involvement of the neural 
arch was demonstrated three times. The degree of 
bone destruction and collapse varied, but in no case 
was It as extensive as is commonly seen in tubercu- 
losis. Osteoblastic response was consistently present 
in a matter of weeks and fusion between adjacent 
bodies resulted in several cases. 

The source of infection was presumed to be from 
the lower urinary tract in 2 cases, from the ear in t 
and from a perinephric abscess in 1. No source could 
be determined in the other 7. 

The differential diagnosis is primarilv between 
tuberculous and pyogenic infection and the follow- 
ing table is offered as an aid: 


Tuberculous Pyogenze 


No osteoblastic response Marked osteoblastic re- 


sponse 
Large paravertebral ab- Small or no paravertebral 
SCess abscess 


Less rarefaction 

More rapid course 

Less destruction and col- 
lapse 


Marked rarefaction 

Slow course 

Marked destruction and 
collapse 


— Leslie K. Sycamore, M.D. 


GiEDION, А. Weichteilveranderungen und radi- 
ologische Frühdiagnose der akuten Osteo- 
myelitis im Kindesalter. (Soft tissue changes 
and early radiologic diagnosis of acute osteo- 
myelitis in childhood.) Fortschr. a. d. Geb. d. 
Róntgenstrahlen и. d. Nuklearmedizin, Oct., 
1960, 93, 455—466. (Address: Steinviesstr. 75, 
Zürich, Switzerland.) 


Visible bone changes are known to be a late 
manifestation of acute osteomyelitis. An interval of 
ten to fourteen days after onset of symptoms usually 
is required for osseous and periosteal lesions to be 
recognized roentgenologically. Therefore, ene has to 
depend on clinical findings. 
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Early symptoms are malaise, fever, and migrating 
joint pains. Localized signs are circumscribed pain, 
swelling, limping, and guarding of the involved ex- 
tremity. Occasionally, a history of trauma can be 
elicited. 

Relatively few cases are recognized early in in- 
fants because of inability to localize a lesion. Of a 
total of 23 patients, only 5 were below the age of five, 
6 children were between five and ten years old, and 
12 between ten and sixteen years. The distal femur 
was affected 7 times, the proximal tibia € times, and 
the proximal humerus and distal tibia 3 times, each. 
The proximal femur, distal humerus, d stal fibula, 
and calcaneus, respectively, were the sites in the 4 
remaining cases. 

Most cf the patients were given antibiotics within 
the first week of illness, although no definite diag- 
nosis had been established. This accounts for an 
atypical course and delay of visible bone changes for 
three weeks and more. 

Therefore, early roentgen signs in the soft tissues 
have to be more and more relied upon. These are 
disappearance of fat spaces near end join- and swell- 
ing of nearby muscles. Finally, the subcutaneous 
layers become obliterated and a massive edema 
develops. Comparative views of the normal opposite 
side are very helpful. Of significance is also an ex- 
tension of the process from the inside in outward 
direction, in contrast to skin infections which only 
spread superficially. Diagnostically important is a 
metaphyseal location and a normal adjacent joint. 
These findings eliminate confusion with septic ar- 
thritis. 

ive cases are briefly reported ard well illustrated. 
Most of these were not correctly diagnosed or treated 
until the classic soft tissue changes suggested an 


early phase of acute osteomyelit;'s.— Erzest. Kraft, 
M.D. 


Rasatorri, A., Rossi, L., Scurrroxz, N., and 
GANDINI, G. E. Le alterazioni vascolari nell 
‘artropatia tabetica. (Vascular caanges in 
tabetic arthropathy.) dun. radiol. diag., 1960, 
33, 115-121. (From: Istituto di Radiologia 
dell "Università e degli Ospedali Riuniti de 
Parma, Italy.) 


The authors studied 2 cases of tabetic joints by 
using angiography. They demonstratec increased 
arterial and capillary vascularity of the joint cap- 
sule. These studies also showed increased venous 
drainage and flow. In many respects, this increase 
in vascularity js not unlike that found in certain 
malignant neoplasms, in that it is accelerated and 
disorganized. 

The findings attest to the neurotrophic and vaso- 
motortrophic changes of the tabetic joint rather than 
to primary vascular changes, which wculd reduce 
the vascular bed and nutrition to the joint capsule.— 
Peter E. Russo, M.D. 
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HALLERBACH, H., and Lusrer, G. Experi- 
mentelle und klinische Erfahrungen mit der 
Hochdruckinjektionsspritze nach Gidlund 
für die selektive Angiokardiographie. (Ex- 
perimental and clinical experiences with 
Gidlund's high pressure injector syringe for 
selective angiocardiography.) Fortschr. a. d. 
Geb. d. Rüntgenstrahlen и. d. Nuklearmedizin, 
Nov., 1960, 93, 565-582. (Address: H. Haller- 
bach, Strahlenkl:nik Prof. Janker, Baumschul- 
Allee 12,14, Bonn, Germany.) 


Since selective angiocardiography is an advance 
over intravenous cardiography, its technical factors 
are being improved. One of them is the high pressure 
injector syringe devised by Gidlund. In order to 
achieve a high pressure in the long, narrow catheter, 
the glass injector was replaced by a metal one. By 
using a compressed air cylinder, the contrast ma- 
terial can be accurately controlled as to injection 
pressure and speed of flow of the injected material. 
The amount of contrast medium can be predeter- 
mined and controlled, and the temperature of the 
solution can be maintained at the desired degree. 

The apparatus, waich is manufactured in Stock- 
holm, was tested and the experimental findings of 
injection pressure, speed, flow of solution, viscosity 
of solution, etc., should be read in the original 
article, which contains many charts and statistical 
data. 

The clinical use of the apparatus is also considered 
and many practical suggestions are offered. A con- 
siderable number of reproductions of angiocardio- 
grams illustrates the clinical findings. The injection 
factors must be individualized as suggested by ana- 
tomic and hemodynamic differences in different 
anomalies. Incorrect positioning of the tip of the 
catheter is still a danger since it may produce myo- 
card:al damage. 

It is the opinion of the authors that the Gidlund 
injector is a valuable aid for selective angiocardi- 


ography.—H. W. Hefke, M.D. 


Tourn, P., ЅснаАЕрЕ, A., Нисек, Н. H., and 
, Dux, A. Zur perkutanen, retrograden, thora- 
kalen Aorto- und Laevokardiographie. 
(Retrograde percutaneous thoracic aortogra- 
phy and levocardiography.) Fortschr. a. d. 
Geb. d. Rontgenstrahlen и. d. Nuklearmedizin, 
Oct., 1960, 95, 393-418. (From: Medizinische 

Klinik der Universitat, Bonn, Germany.) 

In recent years, percutaneous retrograde aortog- 
raphy has been developed into a routine procedure 
thus making possible selective visualization of the 
aorta with its branches and of the left heart cham- 


bers. The authors have successfully used the method 
in 68 consecutive eases. 
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The precelure is done under general anesthesia 
with prelmnary sedation. A femoral artery is 
punctured percutaneously. A thin catheter is intro- 
duced anc is led upward to the base of the aorta. 
Passage irto the left ventricle can be easily accom- 
plished e»ceot in extreme stenosis of the aortic 
valve. The rizht brachial artery may have to be used 
instead of a emoral artery in far advanced coarcta- 
tion of the thoracic aorta. Pressure readings are 
done in the eft ventricle and aorta, to be followed 
by rapid mjection of renografin (76 per cent). The 
adult dose is 50 cc. in aortography and бо to 70 cc. 
in levocardmgraphy. After completion of the study 
and withcrawal of the catheter, manual compres- 
sion of the femoral artery is required for ten to 
fifteen mrawces. It is emphasized that continuous 
electrocarc iozraphic tracings must be done through- 
out the prmeedure. 

Indicattoms for aortography are (1) patent ductus 
arteriosus, (2) obliteration of the subclavian artery, 
(3) anom:les of the aortic arch and of cervical 
arteries, (2) zortic isthmus stenosis, (5) aneurysm of 
the sinus Velsalvae with and without perforation 
into a chzmoer and other types of aneurysm, (6) 
anomalous orifices of coronaries and fistulae between 
a coronary wad a chamber or the pulmonary artery, 
and (7) aimed coronography in coronary disease. 

Indications for levocardiography are (1) aortic 
stenosis (walrular, subvalvular, and supravalvular), 
(2) idiopathe hypertrophy, Bernheim syndrome, 
endocardiz! abroelastosis, tumor, and constrictive 
pericardits, (3) aortic insufficiency, especially in 
high septa cefect, (4) mitral insufficiency, (5) com- 
bined mitral aortic lesions, especially preoperatively 
in mitral stemosis, (6) ventricular septal defect with 
left-to-right shunt for preoperative localization of 
detect, and (7) transposition of the great vessels. 

Fifteen <iterent conditions are illustrated with 
roentgenoerzms, electrocardiograms and pressure 
curves. Tie differential diagnosis of aortic stenosis, 
mitral insafficiency, and ventricular septal defect is 
discussed m detail, and it is stressed that proper 
evaluatior o reflux from the left ventricle into the 
dilated lef ztrium requires continuous electocardio- 
graphic menstoring throughout the levocardiography. 
—kErnest Kreft, M.D. 


GENERAL 


Lusrep, Lee B. Logical analysis in roentgen 
diagnosis; Memorial Fund lecture. Radiology, 
Feb., бо, 74, 178-193. (Address: Depart- 
ment ef Radiology, Strong Memorial Hos- 
pital, Rochester 20, N. Y.) 


The cormpiete, logical analysis of a roentgen exam- 
ination may be divided into four parts: (a) film ex- 
posure ard processing techniques which produce 
optimum usable information; (b) visual physiology 
of film viewing; (c) psychologic factors; (d) system- 
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atic decision-making, the process of liagnosing. 
Accurate roentgen diagnosis requires fir-t, that the 
data be accurate; second, that the evaluztion of the 
data be thorough and complete; third, thz t the inter- 
pretation of the data by systematic. 

Systematization of the reasoning processes helps 
the radiologist to increase his diagnosti^ accuracy. 
Since the reasoning processes are susceptible to 
analysis, errors from this source can be eliminated. 
Certain basic concepts are inherent in апу medical 
diagnostic procedure, even when the ph-sician uses 
them subconsciously. Symbolic logic and probability 
contribute to our understanding of the reasoning 
foundations of roentgen diagnosis, whle a third 
mathematical discipline, value theory, саа aid in the 
choice of an optimum treatment plan. 

There are three factors involved in the logical 
analysis of medical diagnosis: (a) med cal knowl- 
edge, which relates disease complex tc symptom 
complex, (b) the symptom complex prese :ted by the 
patient, and (c) the final disease comple- diagnosis. 
Each of these three factors can be expresed in terms 
of symbolic logic as a Boolean function. Some inter- 
esting work is being done on bone tumor analysis by 
Dr. Gwilym Lodwick who is using a forn of digital 
notation and punch cards. Machine ana vsis of the 
punched card data obtained shows promise of a high 
degree of diagnostic accuracy. It is possil le that the 
system may enable the radiologist to уе a most 
accurate diagnosis and prognosis of a lone tumor 
from the roentgenogram. 

Chance and probability are part of meGcal knowl- 
edge; therefore, probability is part of th» diagnosis 
itself. At the present time very few specific symptom 
probabilities are known; medical textbo»ks do not 
give numerical values. If enough statistics for a 
certain symptom-disease complex are available, 
probabilities can be determined and metl ods can be 
devised for using these probabilities in diagnosis. 
Logic and probability concepts may hdp medical 
students learn to be more efficient and sccurate in 
medical diagnosis, and may enable rad ologists to 
decrease observer error and increase diagnostic 
accuracy.— Arno W. Sommer, M.D. 


Trout, E. Date, Kerrgv, Jonn P., aad Lucas, 
Актник C. Influence of cable length on dose 
rate and half-value layer in diagncstic x-ray 
procedures. - Radiology, Feb., 1960, 74, 255- 
264. (Address: E. D. Trout, 485- Electric 
Ave., Milwaukee r, Wis.) 


Certain changes in technique and equ pment are 
currently being used in an effort to reduce patient 
dosage during diagnostic fluoroscopy anc roentgen- 
ography. These changes are the tendercv toward 
reduced tube current and higher kile&oltage in 
fluoroscopy and the use of tube-suppor-ing struc- 
tures requiring longer shock proof czbles. The 


Abstracts of Radiological Literature 


APRIL, 1961 


assumption has been made that a reduetion in tube 
current causes a directly proportional reduction in 
patient dose. This assumption may noz be valid at 
the low currents used in fluoroscopy, since the elec- 
trical capacity of shock proof cables acts as a filter, 
having a tendency to alter the waveform to the 
roentgen-ray tube in the direction of constant 
potential. This effect is related to the length of the 
cable, the tule current, and the kilovoltage used. 
The authors present a detailed study of these factors 
and their relationship to patient dose. 

The equipment used was a full-wave rectifying 
unit rated at a maximum voltage of 130 kv. peak 
and maximum current of soo ma. Four regular 
catalogue cables were used with lengths of 15, 24, 
30 and 40 feet. The kilovoltage calibration was ac- 
complished by a method, originally proposed by 
Greening, which consists of determining the machine 
setting at which the К series fluorescerce radiation 
from a secondary radiator just appears. This method 
was not the primary objective of this investigation 
but may well prove to be the most significant con- 
tribution. The roentgen-ray output waveform, dose 
rate, and half value layer were determined with 
respect to the variables of kilovoltage, tube cur- 
rent, and cable length. For further details in methods 
and technical factors the original article is recom- 
mended. 

The authors conclude that dose rate may not be 
considered linear with tube current in equipment of 
the type studied. The actual relationship between 
dose rate and tube current depends cn the cable 
length and kilovoltage. Therefore, the oaly safe pro- 
cedure is to take measurements under actual operat- 
ing conditions.—Edward B. Best, M.D. 


AMALRIC, R., GELLER, S., LAGARDE, C., and 
Laurens, G. Les gynécomasties; étude 
de 113 cas.—Données de la radiographie 
simple du sein. (Gynecomastias; a study of 
113 cases. Data on plain roentgenography of 
the breast.) Presse méd., Oct., 1960, 68, 
1562-1565. (From: Centre régional de Lutte 
contre le Cancer de Marseille, et Service de 
Radiologie de l'Hópital Maritime de Toulon, 
France.) ^ 
Simple roentgenography of the breast in gyneco- 

mastia delineates the glandular tissue, v/hich can be 

classified as dendritic, nodular, or triangular in pat- 
tern; it also enables one to differentiate cases of 
simple adiposity. Statistical analysis of the 113 cases 
showed two peaks in the incidence of the disease, at 
puberty and at andropause. Usually bilateral, the 
lesion is rarely precancerous. In more than half of 
the cases, the etiology was determined, the common 
causes being testicular atrophy or tumor, and thera- 
peutic agents, particularly estrogens, isonizide and 


prednisone.—Frank A. Riebel, M.D. 


Vou: 85, No. 4 


CatinaT, J., Ацуккт, J., Casassus, P., 
NEZELOF, Ca., and Roy, J.-L. (Paris, 
France.) A propos d'un nouveau cas de syn- 
drome de Budd-Chiari. (On a new case of 
Budd-Chiari's syndrome.) Presse méd., Oct., 
1960, 63, 1749-1752. 


The authors report a classic case of Budd-Chiari’s 
syndrome, or thrombosis of subhepatic veins. Enor- 
mous esophageal varices were demonstrated 20 vivo, 
and postmortem cavography showed the difficulty in 
refluxing opaque mecium into the liver, even under 
high pressure. Po-tography, done via the superior 
mesenteric vein, revealed perfect intrahepatic arbor- 
ization. Possible medical and surgical treatments are 


discussed.—Frank A. Riebel, М.Р). 
RADIATION THERAPY 


VazrH, ]ЕКОМЕ M. Nasopharyngeal malignant 
tumors: 82 consecutive patients treated in a 
period of twerty-two years. Radiology, Mar., 
1960, 74, 364—372. (Address: Department of 
Radiology, Uriversity of California Medical 
Center, San Francisco 22, Calif.) 


The results of a study of 82 consecutive cases of 
malignant nasopharyngeal tumors are reported. 
These patients were treated from 1932 to 1944 in 
the Department of Radiology of the University of 
Califorma, San Francisco. This represents 24 per 
cent of 3,353 treated cancer cases and 13.3 per cent 
of бт4 head and meck tumors. Fifty-eight patients 
in the series were men and 24 were women. Enlarged 
cervical lymph nodes were found unilaterally in 34 
patients and bilaterally in 25. Cervical lymphadenop- 
athy was the initial and only complaint in 24 
patients. Symptoms and signs related to the ears or 
to the nose occurred next in frequency. Cranial nerve 
involvement was present in Ig patients; the cranial 
nerves most commonly involved were the fifth and 
sixth. Nine patients (11 per cent) had erosion or 
invasion of the base of the skull. The average dura- 
tion of symptoms znd signs was about eight months. 
l'requently, incorrect diagnosis or mismanagement 
preceded recognition of the tumor. Epidermoid type 
tumors occurred ir 47 patients; next in order were 
Itmphoepitheliomas (30.5 per cent), lymphosar- 
comas (4.9 per cert) and adenocarcinomas (2.4 per 
cent). 

Treatment, in general, consisted of local irradia- 
tion of the nasopaaryngeal tumor and immediate 
lymphatic drainage areas, intracavitary radium, 
cobalt 65, or a combination of external and intra- 
cavitary irradiation. Thirty-one of the 82 patients 
received 1 mev. external irradiation, either alone or 
supplemented by intraoral cone therapy, intra- 
cavitary radium, or cobalt бо to the primary lesion. 
Cervical lymph noce areas were treated with irradia- 
tion in the medium voltage range. The remaining 
‘$I patients were treated at доо kv. ог 200 kv. sup- 
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plemented by intraoral cone, intracavitary cobalt 
бо or intracavitary radium. A few patients were 
treated sole y by intracavitary cobalt 60 to the pri- 
mary lesion 

The ave-age survival was twenty-five months. 
Twenty-three (28.2 per cent) of the 82 patients 
survived five or more years. Six patients have sur- 
vived morc than ten years. Lymphosarcoma ap- 


peared то have the best prognosis.—<Arno JF. 
Sommer, M D. 


Rtse, "V, and Fiore, Е. Osteoradionekrose 
der Maadibula. (Osteoradionecrosis of the 
mand bb.) Fortschr. a. d. Geb. d. Rüntgen- 
strahlen u. d. Nuklearmedizin, Oct., 1960, 95, 
472—432 (Address: Strahleninstitut der FU 
Berlin, Spandauer Damm 130, Berlin-Char- 
lottenburg, Germany.) 


The awthors report their experience with radio- 
necrosis cf he mandible from 1950 until 1947. Dur- 
ing this pemod 192 tumors of the oral cavity were 
observed. Fifteen cases (7.8 per cert) developed 
mandibu ar necrosis. Of these, 7 were treated with 
roentgen ra’s alone and the remaining 8 with inter- 
stitial radium, followed by roentgen rays. 

There wes definite increase of the complication 
as larger deses of ionizing rays were applied more 
and more fr-quently. Other factors were caries of the 
teeth which stimulated mucosal ulceration and infec- 
tion of tae underlying mandible. This resulted in 
necrosis anc sequestration of bone. Also responsible 
were contimious trauma from the chewing process 
and dryirg »f the mucosa which elimirated the pro- 
tective effect of the saliva. 

Osseous recrosis became manifest as early as eight 
months fellewing radiation therapy and in others as 
late as nme years afterward. The roentgenographic 
signs usually are preceded by long-standing soft 
tissue swell ng and subsequent ulcerations of the 
oral тисэѕг. Roentgen findings in the early phase 
are osteopo-osis and irregular contour of the man- 
dible. Th:s s followed by destructive changes from 
the alveoar ridge downward, osteolysis with debris, 
and finally pathologic fracture with sequestration. 

The mestetrective treatment is prophylactic. High 
voltage qurents are preferred nowadays as they 
cause lesssbene destruction than low voltage currents. 
Another »reventive measure is insertion of radium 
needles at an angle instead of parallel to the man- 
dible. Hygiene of the mouth must be carefully ob- 
served, aad remaining teeth have to be extracted, 
with penicilin prophylaxis several weeks prior to 
radiation th-rapy. Occasionally, extraction may have 
to be postpcaed until after completion of treatments. 

Therapy »f mandibular necrosis does not depend 
on roentgen findings or the presence of ulcers. Local 
and genecal antibiotic measures as well as washing 
will expecite the cure of ulcers and fistulae. Sequestra 
usually pro*rude spontaneously. The mucosa heals 
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promptly in spite of underlying osseous nerosis and 
pathologic fractures. Sequestrectomy, with the aid of 
antibiotics, modern anesthesia, and blcod trans- 
fusion, has become the method of choice, :s it expe- 
dites healing and prevents development of fistulae 
and ulcers. A well-fitting and functioning prosthesis 
is now possible in advanced cases, even \ hen bone 
has been resected. 

Numerous photographs and roentgenog-ams illus- 
trate this interesting article.— Ernest. Kreft, M.D. 


Vorrz, P. W., Jr., MarraMs, J. T., aad Swin- 
DELL, С. E. Radium attenuation in t-eatment 
of carcinoma of cervix. South. М. F., Oct., 
1960, 53, 1205-1210. (From: Sammons’ 
Irradiation and Nuclear Medicine Depart- 
ment, Baylor University Hospital, and the 
Department of Radiology, Southwestern 


Medical School, Dallas, Texas.) 


The Manchester method is a well-known tech- 
nique for treating carcinoma of the cervix with 
radium applicators that consist of thin uterine tubes 
and ovoids of varying sizes. A loading system is used 
that varies in a simple number of units te keep the 
dosage rate fairly constant to a fixed point A in the 
paracervical triangle. 

Fletcher and his associates developed r gid appli- 
cators with scissor-like handles that extemd outside 
the introitus and facilitate the insertion of the appli- 
cators and maintain them in position. The Fletcher 
ovoids with the recommended loadings »ermit an 
increase in the dose rate to the lateral pelvic wall 
without increasing the dose to point A Fletcher 
based his dosage techniques on the M anchester 
method as his ovoids gave only 5 per cen less than 
the Manchester ovoids. The Fletcher ovoids were 
loaded with 15, 20 and 25 mg. of radium, respec- 
tively, for the small, medium and large o-oids. The 
dosage rate with these loadings varied as much as 25 
per cent from the ovoids to point A with 1 cm. separa- 
tion. 

The authors used Mallory 1,000 metal a: an atten- 
uator in order to reduce the dosage rate from the 25 
mg. radium tubes. Mallory metal 15 an : Поу of до 
per cent tungsten, 6 per cent nickel, and 4 per cent 
copper. It is hard and machines easily, 15 1} times 
as dense as lead, and is noncorrosive. The large 
Fletcher ovoids do not require an attenua-or. Atten- 
uators of different thicknesses were used for the 
medium and small sized ovoids to reduce he dosage 
rate to the radium equivalents given with the Man- 
chester technique. The dose delivered within the 
cervical triangle using this method falls within the 
optimum dosage range when the standard times of 
the Manchester method are used with racaum alone 
or with combined therapy. 

The Fletcher applicators, the Mallory attenuators, 
the four sizes of tandems and 95 mg. of radium per- 
mit all standard and satisfactory ncnstandard 
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radium applications for treatment of carcinoma of 
the cervix. The amount of radium used is 40 per 
cent less than that required using the Flezcher appli- 
cators alone.—Charles W. Cooley, M.D. 


Ecan, Ковект, and JoHNnson, Gorpon C. 
Multisection transverse tomography in 
radium implant calculations. Radio/ogy, Mar., 
1960, 74, 407-413. (Address: К. Egan, Uni- 
versity of Texas, M. D. Anderson Hospital 
and Tumor Institute, Houston 25, Texas.) 


The authors describe the use of multisection trans- 
verse laminagraphy as an aid in certain radium im- 
plant calculations, particularly those about the head 
and neck. With standard radium distributions, or 
limited deviation from the standard, roentgenograms 
in two planes will usually outline the completed 1m- 
plant and are adequate for calculation. purposes. 
For more marked deviations and for multiple or 
curved plane and volume implants, the identifica- 
tion of needles on plain roentgencgrams is difficult. 
The perpendicular projection technique and stereo- 
roentgenograms are often of help in such cases. As 
an additional reconstructive aid, the avthors have 
applied multisection transverse laminagraphy in 
these difficult cases. Conventional laminagraphy 
with linear tube travel is not as satisfactory since 
the axis of implants frequently parallels the axis of 
the body. 

Certain modifications were applied tc a Siemens 
Transversal Planigraph to improve diagrostic detail 
and facilitate clinical application. These include in- 
creasing and fixing the tube stand-patient distance, 
limiting the vertical tube travel, and replacing air 
compression bags by foam rubber pads. A plastic 
head rest was devised along with a multiple cassette 
box. The method described is now in regular clinical 
use as an aid in dosage calculation of radium im- 
plants about the head and neck. The zuthors feel 
that it allows rapid and accurate identification of 
radium needles and their relationships, improves the 
control of radiation dosage, and provides three 
dimensional insight into the clinical use of inter- 


stitial radium.—Edward B. Best, M.D. 


GraHAM, Joun B., Сканам, Rura M., Sorro, 
Luciano S. J., and Barry, NORMAN А. 
Spent radon seeds: I. Late effects. Radiology, 
Mar., 1960, 74, 399-402. (From: Roswell 
Park Memorial Institute, Buffalo, N. Y.) 


The authors present evidence that spent radon 
seeds, long regarded as being inert, may actually 
continue to emit measurable irradiation for many 
years. Radon degenerates into radium C, D, and 
E, all radioactive. Radium D has a half-life of nine- 
teen years but, as its radioactivity consists mainly of 
alpha or beta radiation, it has been assumed that 
this did not escape its gold sheath. In recent months, , 


& cases of late recurrence or of complications follow- 
ing radon seed implantation for carcinoma of the 
cervix have been seen by the authors. All of these 
cases had detectable radiation from the retained 
seeds. A determination of the spectrum of radiation 
from these seeds revealed that beta rays of 1.17 теу. 
emitted by radium E striking the gold sheath created 
a continuous spectrum of x-radiation with peaks at 
70 kev. and 167 kev. These x-rays are of low inten- 
sity, but, acting on previously irradiated tissue and 
acting continuously over a long period of time, some 
biologic effect would be anticipated, either destruc- 
tive or carcinogenic. Cytologic examinations of 
patients treated with radon seeds as compared with 
those treated by radium and roentgen rays apparently 
substantiated this —‘fohn S. Alexander, M.D. 


Joans, Н. E., and Skanscanp, L. D. Spent 
radon seeds: И. Radiation from spent radon 
seeds. Radiolegy, Mar., 1960, 74, 403-406. 
(Address: H. E. Johns, Department of Phys- 
ics, University of Toronto, Toronto, Ontario, 


Canada.) 


The authors review the decay scheme of radon and 
calculate the theo-etic exposure dose obtained 1 cm. 
from a т mc source of radon as 0.57 r/year. Five 
spent radon seeds, each with an initial activity of 
I.13 mc on September 16, 1933, were taken from a 
patient and measared in December, 1958, utilizing 
a sodium iodide crystal at a distance of 8.2 cm. 
The figure obtaired after corrections for decay of 
radium D over a twenty-five year period was 76.5 
ur/hr. at I cm. рет initial mc, which was considered 
consistent with the calculated exposure dose above. 
The exposure dose rate of the spent radon seeds per 
initial mc at 1 em. in ur per hour and the mean and 
maximum absorbed doses for each patient were then 
caleulated. Examination of these figures revealed 
that the absorbed doses ranged from 100 to 300 
rads over a ten to twenty year period for these pa- 
tients. While this dose is admittedly small, the 
authors feel that the possibility of its causing chronic 
irritation cannot be completely ruled out.— John S. 


Alexander, М.Р. 


CuiLKo, ALEXANDER J. Contribution to prob- 
lem of diagnosis, treatment and prognosis of 
Wilms’ tumor. F. Urol., June, 1960, $5, 804- 
812. (Address: тодо Park Avenue, New 
York 28, New York.) 

Three types of Wilms’ tumors have been described. 
The most commen one starts in the kidney paren- 
chyma and is enclosed in a connective tissue capsule 
which separates the tumor tissue from the normal 
kidney parenchyma. The second type begins in the 
kidney proper anc infiltrates the kidney parenchyma 
without a definite capsule. The third type of tumor 
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originates іа the "renal anlage” and is extracapsular 
and retrepeitoneal. 

The biobgic behavior and radiosensitivity of 
Wilms’ tumors vary depending upon the relative 
number of anaplastic cells to epithelial cells. The 
host resista ace is another unknown factor, at present. 

The therapy of Wilms’ tumor consists of the use 
of surgery cr irradiation or combinations of the two. 
In reports -overing large series of cases by Harvey 
and Scort, the best over-all results were obtained 
by nephrecomy with preoperative and postopera- 
tive roentgen treatments. 

The autaior reports 2 cases of Wilms’ tumors 
treated by irradiation. Since the tumors consisted 
of radioresstant and radiosensitive elements, the 
treatment plan utilized small single doses to destroy 
the radiosensitive cells. This method reduced the 
toxic effects (created by the absorption of destroyed 
cells) on the parenchyma of the normal kidney and 
other orgars and avoided serious skin erythema. A 
large total dose was thus employed to destroy or 
inhibit the -adioresistant portions of the tumor. 

The method of treatment resulted in a large tumor 
dose delive ed through two or three nelds in small 
single doses over a period of from one to two years. 
An alternate plan consisted of therapy to one area 
daily until a total dose of 1,000 г (air) per area was 
reached. Afer two days of rest, a second total dose 
of 1,000 r баг) per area was given. Then following 
the same rcutine, three, four, five, and six day inter- 
vals were alowed between the 1,000 r increments to 
each area antil a total air dose of from 3,000 to 
5,000 г ває been administered to each field. The 
patients were kept in bed under strict supervision 
during the t rst month. Palpation of the abdomen was 
limited to tae minimum. These patients were studied 
by excretor” pyelography because of possible trauma 
and metastasis which could result from retrograde 
pyelogranh*. The author believes that this might 
have accouated for the absence of metastases in his 
2 patients. 

The fi-st case was that of a fourteen month old 
boy with a Vilms’ tumor involving the right kidney, 
which was considered inoperable. Th:s patient was 
treated wita the following factors: 200 kvp.; 5 ma.; 
focal diszarce, 40 cm.; filters of from о. to Т.о mm. 
Cu with secondary filter; half value layer, o.9 to 
1.4 mm. Ca; total air dose, 5,000 r to each of two 
areas; estimated total tumor dose, 7,110 г; fields, 15 
by 15 cm. at the beginning with a reduction in size 
to corresooad to the size of the tumor. From August, 
1934 to June, 1936, 122 treatments were adminis- 
tered. Therapy was started with 115.8 т (air) per area 
with о.5 mm. Cu filter until a total air dose of 1,000 
r (tumor dose, 1,420 г) was reached. The filter was 
then increzsed to r.o mm. Cu and the dose was 
reduced to 76.2 r (air) per area. 

In this fi st case the size of the kidney returned to 
normal by the end of the third month. The patient 
remainec well until 1946, when hematuria developed 
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and a right nephrectomy was performed. T ae patho- 
logic examination showed no recognizable kidney 
tissue but cystic areas containing tumor cells sur- 
rounded by a sclerosed renal capsule were present. 
At the time of this report the patient wa: twenty- 
six years of age and well. There was no demonstrable 
evidence of skin damage. 

The second case was that of a four anc one-half 
year old girl with a tumor of the right kid алеу (con- 
sidered to be a possible embryonal adenozarcoma), 
who was treated by radiation therapy only. The plan 
of therapy employed for the first patient was modi- 
fied as follows: the filter was increased to 1.0 mm. 
Cu (half value layer of 1.4 mm. Cu), anc later to 
2.0 mm. Cu (half value layer of 1.9 mm. Cu); the 
focal distance was £o cm.; the dose per arez the first 
month was 135 г (air) and afterwards до т (air); a 
lateral field was added. A total of 85 treatments was 
delivered in fourteen months. The total d»se in air 
was 3,000 г to each of three ports. The to al tumor 
dose was 6,334 r. 

In this second case, eleven years after therapy was 
completed the right kidney was removed. T ae patho- 
logic examination revealed no tumor ts&sue but 
distortion of the architectural pattern of the kidney 
due to irradiation was noted.— 7. N. Ané, M.D. 


Conti, EucENE A., Parron, Georce D., 
Сокхт:, JANE E., апа HEMPELMaNN, Louis H. 
Present health of children given x-rzy treat- 
ment to the anterior mediastinum in infancy. 
Radiology, Mar., 1960, 74, 386-3c1. (Ad- 
dress: L. Н. Hempelmann, 260 Cr ttenden 
Blvd., Rochester 20, М. Y.) 


The purpose of the present study was o obtain 
further information concerning the incilence of 
malignant disease in children given roentgen treat- 
ment to the anterior mediastinum in in ancy. À 
survey was made of 1,564 children in Pittsb irgh who 
had been given roentgen treatment to the thymus 
gland between 1938 and 1946. The diagnosis of 
thymic enlargement had been made in 224 of these 
cases at birth. Of these, Хо per cent wer- treated 
with 200 to 450 r of 140 kv. peak roentzen rays 
through a 4X4 cm. port. Of the 1,340 chili ren with 
thymus glands of normal size, 95 per cent w-re given 
1sorusing the same treatment factors. Between 1956 
and 1958, the families of 89.6 per cent of the treated 
children were questioned about the medical histories 
of these children and of their 2,923 untreatec siblings. 
The death records of the Pennsylvania Statc Depart- 
ment of Health were also searched, as were the 
leukemia records from 1954 to 1957. 

No cases of malignant disease were fourd in the 
treated group, although 4 cases of cancer, ncluding 
1 of leukemia, would be expected to occur im a group 
of children of this size and age distributica. The 4 
malignant tumors in the sibling group, ineluding 1 
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case of leukemia, compared closely with the expected 
number. 

Because of the method of study and the absence 
of definitive information for 10 per cent of the treated 
children, the incidence of neoplasia in this group can 
be compared with that in the general population 
only with certain reservations. Nevertheless, it seems 
likely that the cancer and leukemia incidence in the 
treated children is not greatly increased over the 
expected incidence. It is suggested that the small 
port size (4X4 cm.) used in treating these children 
could explain the difference in incidence of neoplasia 
in this group of children and in those previously 


studied.—JZ'alter H. Jarvis, Fr., M.D. 


RADIOISOTOPES 


Koutras, D. A., ALEXANDER, W. D., Bu- 
CHANAN, W. W., Crooks, J., and WAYNE, 
E. J. Stable iodine metabolism in non-toxic 
goitre. Lancet, Oct. 8, 1960, 2, 784-786. 
(From: University Department of Medicine, 
Gardiner Institute, Western Infirmzry, Glas- 
gow, W.1, Scotland.) 


Nontoxic goiter occurs both endemically and 
sporadically. The endemic form is a result of iodine 
deficiency. The etiology of sporadic nontoxic goiter 
is controversial and some of the suggested causes 
are: contaminated water supply, virus and other 
infections, goitrogens, excess calcium in the diet, 
iodine deficiency, and dyshormonogenesis. 

Evidence of iodine deficiency in endem c goiter 1s 
indicated by the elevated uptake of radioiodine 
associated with a normal level of plasma protein 
bound radioiodine, a normal level of protein bound 
iodine (P.B.I.) and a low daily urinary iodine excre- 
tion. The plasma inorganic iodine ‘Р.Т... is impor- 
tant in determining the absolute iodine uptake by 
the thyroid gland in order to show whether the high 
uptake of radioiodine is the result of iodine deficiency 
with a rapid turnover of available iodine or an in- 
capacity of the gland to completely synthesize the 
normal amount of circulating iodine. lodine de- 
ficiency is clearly present if low P.LI. levels are 
found. 

Twenty-one cases of sporadic goiter not due toa, 
any known cause in an area known to be free from 
endemic goiter were studied using the above tests. 
A comparison was made with a control g-oup of 13 
cases without goiter and without evidence of thy- 
roid disease and in an area where iodized salt was 
rarely used. I? was used in 28 cases and I"! in 6 
cases. The results showed that the radioaczive iodine 
uptake in the goiter group was higher (mean 39.9 
per cent) than in the control group (mean 25.6 per 
cent). The mean thyroid clearance in the goiter 
group was 61.1 ml. per minute as compared with 
23.0 ml. per minute in the control group. The plasma 
inorganic iodine in the goiter group was o 02 to 0.09 
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ug. per 100 ml., whereas the lowest in the control 
group was 0.10 ug. per 100 ml. The absolute iodine 
uptake of the goiter group was slightly lower than 
that of the normal group, but not significantly so. 
The mean prote:n bound iodine was the same in both 
groups. The twenty-four hour urinary iodine excre- 
tion was low in the goiter group as compared with 
the control group. The renal clearance of the radio- 
iodine was slightly but not significantly higher in the 
golter group. 

The intrathyroic exchangeable iodine studies sug- 
gest that goiters contain a normal amount of iodine 
in an Increased tissue mass. 

Cases with low p asma inorganic iodine have a high 
thyroid clearance rate of radioiodine that acts as a 
compensatory mechanism which maintains the 
absolute uptake of the thyroid gland within a normal 
level. 

The authors conelude that the etiology of nontoxic 
goiter is complex and that iodine deficiency is prob- 
ably a causative factor of sporadic goiter.—Charles 


W. Cooley, М.Р. 


PrmparKAR, B. D., Turskv, E. G., KALSER, 
M. H., and Воскиз, H. L. Correlation of 
radioactive and chemical faecal fat in dif- 
ferent malabsorption syndromes. Brit. M. F., 
Sept. 24, 1960, 2, 394-900. (Address: B. D. 
Pimparkar, Graduate School of Medicine, 
Lriversity of Pennsylvania, Philadelphia, 
Pennsylvania.) 


The most accurate method of quantitatively deter- 
mining faulty assimilation of fat is a balanced tech- 
nique accuratelv calculating the components in di- 
gested food and chemically determining the residue 
of the stools. Ths method is prohibitive in the 
smaller hospitals. The I'*' labeled fatty absorption 
tests are easier to do and may be carried out in any 
radiorsotope labore tory. 

One hundred ard two patients from the Gastro- 
intestinal Service of the Graduate Hospital of the 
University of Pennsylvania who were suspected of 
having malabsorption and 24 normal cases were 
studied to determine the accuracy of radioactive I?! 
labeled triolein stmdies as compared with the fecal 
chem cal intake-excretion studies as a diagnostic aid 
in the various ma absorption syndromes. All of the 
cases received a standard diet and were given Lugol’s 
solution for two davs to block the thyroid gland. The 
I?! triolein mea! was prepared in both emulsion and 
capsule form and was administered to the fasting 
patients about one or two hours after the first dose 
of carmine was given. Blood was drawn every two 
hours until a peak of radioactivity was determined. 
Stools were collected until the last specimen did not 
show significant radioactivity. 

Blood peak radwactivity, fecal radioactivity and 
fecal chemical fat were determined for the group. 

he mean blood peak radioactivity in 24 normal 
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cases was 1+5 per cent of the administered dose. 
The mear fecal radioactivity in 20 normal cases was 
31.94 per cent gm. per day of the administered 
dose. The m=an fecal chemical fat in the same group 
was 4+16 zm. per day. Generally, in each group 
that had z br ormal fecal chemical fat, the fecal radio- 
activity tes* was abnormal in about 75 per cent of 
the cases, w :ile the blood peak radioactivity was ab- 
normal in bout $0 per cent. Of those who had 
normal feca chemical fat, nearly 80 per cent had a 
normal fecal radioactivity and the blood radio- 
activity vas normal in nearly 85 per cent. The fecal 
radioactivit- determination was a better index for 
the preseac- of steatorrhea than the blood radio- 
activity, ou. the accuracy increased when both the 
studies were done. The patient's chance of being 
normal was about 85 per cent to 95 per cent if both 
the blooc peak radioactivity and the fecal radio- 
activity уай ез were normal; but if both values were 
abnormal. tae chance of his having steatorrhea was 
about 75 pe- cent. 

The au hers recommend that, if blood peak radio- 
activity anc fecal radioactivity are abnormal, the 
patient shorld have fecal chemical balance studies 
to establish the diagnosis definitely and to quanti- 
tatively esimate the steatorrhea.— CAar/es W. 


Cooley, M. E. 
MISCELLANEOUS 


FINKEL, Miriam P., BERGSTRAND, PATRICIA J., 
and B seis, Birute О. The consequences of 
the ccntinuous ingestion of Sr? by mice. 
Radiotog:, Mar., 1960, 74, 458-467. (Ad- 
dress: M. P. Finkel, Argonne National 
Laboratery, P. O. Box 299, Lemont, Ill.) 


In order © provide some direct information bear- 
ing on the eonsequences of various levels of radio- 
active dieta y contamination, mice are being main- 
tained on teod containing Sr”. The present report 
15 an intem rather than a final evaluation of the 
data, since many of the experimental animals are 
still alive. 

Two grou»s of mice are being maintained on food 
containing *r?), The first was placed cn the special 
diet at 110 -o 250 days of age, and this group pro- 
duced the second, which has been exposed to Sr”? 
since conception. Levels of dietary Sr?? as high as 
10 wc/gm. Ca did not adversely affect conception, 
parturiticn, or lactation. The median survival time 
of the dams maintained on this level of Sr?? for 525 
days was reduced by about 17 per cent. Dams main- 
tained on 5 ac Sr*?/gm. Ca or less did not differ sub- 
stantially from the control mice in survival time or 
in disease ncidence during these 525 days. The 
median life span of mice exposed to то uc Sr??/gm. 
Ca since conception was reduced by about 41 per 
cent. А decsease in survival time was also apparent 
among the mice reared on 5.0, 2.5 and 1.0 uc Sr?/gm. 
Ca since cor ception. 
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Tumors that can be attributed to radiation have 
appeared only among those mice maintained 
throughout life on то uc Sr**/gm. Ca. Besrles an in- 
crease over the normal incidence of tumors of the 
blood forming tissues, there have been e»idermoid 
carcinomas of the oral cavity, osteolytic rumors of 
the skeleton, and osteogenic sarcomas. The osteo- 
genic sarcomas appeared much later and in much 
smaller number than had been expected ог the basis 
of previous experience with mice that hac been in- 
jected with Sr”. Since the major difference between 
a single injection and continuous ingestior concerns 
the dose rate, it appears that the amount ot radiation 
absorbed per unit time is an important factor in the 
neoplastic process. In addition, the delay in the 
appearance of osteogenic sarcomas until the mice 
were approximately 450 days old suggests that very 
young mice are not necessarily more sensitive to a 
radiocarcinogenic stimulus than adult micc.—JFa/ter 


Н. Jarvis, Tr., M.D. 


FERREBEE, J. W., and Tuomas, E. D. Trans- 
plantation of marrow in man. ,4.M A. Arch. 
Int. Med., Oct., 1960, 706, 523-531. (From: 
Mary Imogene Bassett Hospital, Coopers- 
town, New York.) 


In this emerging age of nuclear medicine and pos- 
sible nuclear warfare, much interest has b-en awak- 
ened in the transplantation of human tssue, and 
especially bone marrow. Partial successes nave been 
obtained in thwarting lethal effects of raciation ex- 
posure with marrow transplants in animals. To date, 
this has not been so in man. 

In general the tissues of one person do not flourish 
in the body of another. Genetic differenees in the 
chromosomes of host and donor predeternune differ- 
ences in their cellular constituents, presumably at 
the molecular level. These differences exc te an im- 
munologic response. Except in identical twins, a 
graft 15 recognized by the defense system of the 
recipient as possessing foreign antigens. The lymph 
centers react accordingly, and the transplanted tis- 
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sue is subjected to round cell infiltration and inflam- 
matory change. In a week or two the graft is rejected. 

To suppress this graft versus host reaction, two 
methods have been explored experimentally in pro- 
ducing chimeras, that is, individuals in whom cells 
of different genotypes are tolerated. The first in- 
volves active acquisition of tolerance by the host 
for the graft. The second requires the destruction of 
mature lymph tissue and bone marrow by radiation 
followed by the engraftment of lymphoooietic and 
hematopoietic tissue from a suitable doncr. The first 
method is not applicable to adults or even infants, 
and the second method is fraught with difficulties of 
the immune reaction itself. 

Some success is obtained if fetal immenologically 
immature hematopoietic tissue is infused. If mature 
bone marrow is used, the marrow function is quickly 
restored, but the injected lymphocytic cells respond 
rapidly to produce granuloma formation, plasma cell 
accumulation, fibrinoid change, necrosis, ind hemor- 
rhage in the lymph nodes and spleen. The basic ques- 
tion is whether the harmful effects of the reactive 
lymphocytic cells outweigh the lifesaving effects of 
the erythroid, myeloid, and megakaryocytic ele- 
ments. 

No evidence of harm from marrow infusion has 
been seen in the few normal subjects whose radiation 
injuries have been treated by this means. However, 
most leukemic patients treated by this method after 
extensive radiation exposure have exhibited definite 
graft versus host reactions, although the leukemia 
itself remained in remission. 

It has been found that, by irradiating the elements 
to be infused with 500 to 1,000 r, the lymphocytic 
cells are deprived of their ability to divide and mul- 
tiply. Presumably this does not alter the usefulness 
of the platelets, leukocytes, and erythrocytes. Efforts 
to refine irradiation techniques and chemotherapy 
to the extent necessary for cracking the individuality 
of man’s pattern of immunologic self reccgnition are 
proceeding. It may be that successful aomotrans- 
plantation is not an unattainable goal.—Arch H. 


Hall, М. D 
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EXCISION OF PATHOLOGICAL DISC, AND FUSION 


Fadiographs on Kodak Blue Brand Medical X-ray Film; 
surgery photographed on <odak Ektachrome Film 


PROBLEM: Disabling left neck. left shoulder and 
arm pain lor considerable period. NO significant 
abnormality. no definite nerve root deficit in evi- 


dence, No response to usual conservative measures. 
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FIGURE 3 





FIGURE 5 


What the radiologist saw—what the surgeon did. 
Figures 1-2: Radiologist reported no significant 


abnormality in preoperative radiograph ana myelograms 


of cervical region. Figure 3: Incision in left side of neck. 





FIGURE 4 


Figure 4: Exposure of vertebral column, sternocleido- 
mastoid musele and carotid sheath below and to the right: 


thyroid. trachea and esophagus above and to the left. 


Figure 5: Insertion of needles for discogram. (Turn 


page for result.) 


Note: Radiographs and photographs such as those repro- 
duced here have many uses. They are invaluable to 
illustrate talks. lectures. classroom discussions. From 
eriginal transparencies, black-and-white or color prints 
may be made to illustrate displays, articles for publication. 
\nd—remember always: The photographs vou make today 


may be used tomorrow —vears from now. 


EXCISION OF PATHOLOGICAL DISC, AND FUSION (Continued) 


Consider carefully the color photographs shown 
here. How significantly —objectively —they support 
the printed word. How vividly color defin S tissue 
areas... clarifies the descriptive matter. Yet the 
cost of this material is small in terms of the aid it 
vives in teaching and research projects. 
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FIGURE 10O 


Figure 6: Discogram shows leakage of contrast medium 
posterior to bodies of €5 and Сб. Figure 7: Excision 
of disc between C5 and €6. Figure 8: Bone graft from 
the right iliac crest shaped to fit dise space. Figure Ө: 
Bone grafi W deed into place between vertebral bodies of 
Co and Сб. Figure 10: Postoperative radiograph shows 


bone wedge in place. 





FIGURE 9 
FROM KODAK: kodak Blue Brand and Kodak cameras: Kodak Ektachrome Film and Косак 
Royal Blue, Kodak's fastest x-ray film. Also Kodak — Ektacolor Film for sheet-hlm cameras: Kocak 
color materials for every photographic purpose: — Ektachrome Film and Kodacolor Film for roll-flm 
Kodachrome Film for miniature and motion-picture and miniature cameras: Kodak color print materials. 


Order Kodak x-ray products from your Kodak x-ray dealer. 
Kodak photographic preducts from your Kodak photographic dealer. 


X-ray Sales Division, EASTMAN KODAK COMPANY, Rochester 4, N.Y. 








оз YEARS а еи ме ы 
SED X-RAY FILM 


e We purchase all makes and sizes fom any point in the 
nction, and pay the freight cost. 





e We remit in advance if desired, o` »romptly after receipt 
and tally of the value. 


e Write for prices today. We will senc shipping labels, and 
di-ect your film to our nearest plant 


DONALD McELROY, 


53 W. Jackson Blvd., Chicago 4, Ill. 





NOW YDU CAN ADD AN X-RAY FILE 
BUILD—BUILD—BUILD—WITH THE 
HANLEY ECONOMY 14x17 X-RAY CABINET 
SPECIAL DESIGN SLIDING DOORS 


5 COMPARTMENT SIZE—DIVIDERS 14 x 17 $112.70 
3 COMPARTMENT SIZE—DIVIDERS 14 x 17 88.00 
6 XENON SIZE FOR MEDICAL RECORDS 

x 


EW INTENSIFYING SCREENS—50% DISCOUNT 
APPROVAL GUAR ANTEED—F.O.B. FACTORY—CATALOGUE 


HANLEY MEDICAL EQUIPMENT CO. | Our best selling 


iun ED X-RAY MARKER 


Iden-ify X-RAYS 


In reply to advertisers please mention qui-kl» and easily with Knight's patented, 
lightweight and durable aluminum Marker. 


y 2 








that you scw their advertisement in THE 


Let=rs and numbers, mounted cn celluloid 

slices. slip into marker grooves. Name and ad- 
AMERICAN JOURNAL OF ROENTGEN- dress of physician or hospital are sealed in- 

side mearker (see cross section illustration). 
OLOGY, RADIUM THERAPY AND NU- 

Promr service on your order... Marker, one 
CLEAR MEDICINE. each 4 L, four each 1234567890 and Standard 

: Storac= Case... only $9.50. Send for your set 
oday 


Asl fa fact-filled illustrated "X-RAY MARKER” 
buletn. 


CHARLES C THOMAS · PUBLISHER | | 
OMEN H.W. KNIGHT & SON, INC. 


7 Lane St., Seneca Falls, N.Y 
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Progress in Surgery Vol. 1 
Edited by M. Allgówer (Chur) will be published in March 1961 


Index: 

Miescher, P. (New York) und Roulet, F. C. (Basel) : Das Hypersplenie-Syndrom 

White, Th. T. and Magee, D. F. (Seattle, Washington): Progress in Surgery of the Pan. 
creas Since 1945 

Pulaski, E. J. (Fort Dix, N.J.): An ibiotics and Chemotherapy in Surgery 

Ehrich, W. E. (Philadelphia, Pa.): Inflammation 

Altemeier, W. A. and Wulsin, J. H. (Cincinnati, Ohio) : Natural Resistance to Infection 

Sandblom, Ph. (Lund): Portal Hypertension 


Some Progress-Series 


to be published in | 961 


Progress in Allergy Vol. 6 


Edited by P. Kallos (Helsingborg) will be published in Winter 1961 
Vol. 5. XL + 508 p., 103 fig., 6 ta». 1958 US $19.70 


Kallós, P. (Helsingborg) : Introduction. — Ouchterlony, Ó. (Gothenburg) : Diffusion-in-Gel Methods 
for Immunological Analysis. — Patron, W. D. M. (London) : The Release of Histamine. — Boydon, S. 
V. (Copenhagen): The Immunological Fesponse to Antigens of the Tubercle Bacillus. Some Experi- 
mental Aspects. - Mayer, M. M. (Baltiriore, Md.) : Studies on the Mechanism of Hemolysis by Anti- 
body and Complement. - Brent, L. (Lordon): Tissue Transplantation Immunity. - Waksman, Б. Н. 
(Boston, Mass.) : Cell Lysis and Related Phenomena in Hypersensitive Reactions, including Immuno- 
hematologic Diseases. - Ovary, Z. (Baltimore, Md.) : Immediate Reactions in the Skin of Experimental 
Animals Provoked by Antibody-Antigen Interaction. 


Reconstruction Surgery and Traumatology Vol. 6 


Edited by M. Lange (München) will be published in Spring 1961 
Vol. 5: VIII + 300 p., 142 fig., 19€0 US $19.— 


Debrunner, H. (Basel/Zürich) : Her-n Prof. 
Dr. med. MAX LANGE zum 60. Geburtstag. 


I. a) Compere, E. L. (Chicago, Ill.) : Sapramalleolar Fractures Combined with Luxation of the Ankle 
Joint. — b) Witt, A. N. (Berlin): Su»ramalleolàre Frakturen und Luxationsfrakturen des oberen 
Sprunggelenks, ihre Gefahren fiir die Zirkalation und ihre Behandlung. 

П. a) Merle-d’Aubigné, R. (Paris): Né-rose traumatique de la tête fémorale. — b) Valls, J. (Buenos 
Aires) : Late Treatment of Post-Traumatic Aseptic Necrosis of the Hip in Fractures and Dislocatioas of 
the Neck of the Femur, with Special Reference to Arthrodesis and Arthroplasty. — c) Zanoli, R. und 
Zappoli, S. (Bologna): Die Behandlung der posttraumatischen aseptischen Nekrosen des Femurkc pfes. 
- d) Viernstein, К. und Jantzen, P. M (München): Die Behandlung der Hüftkopfnekrose nach Ver- 
letzungen im Bereich des Hüftgelenkes. 

IIT. à) Guilleminet, M. et Faysse, R. Lyon): Le traitement de la coxa vara essentielle des adoles- 
cents et ses résultats. – b) Breitenfelder, Н. (Kassel): Coxa vara epiphysarea: Frühbehandlung der 
drohenden Verschiebung der Hüftkopfkapre durch Nagelung oder Knochenspannung. — c) Imhàuser, G. 
(Dortmund): Über das Wesen der Epiphysendislokation am koxalen Femurende und ihre operative 
Spütbehandlung. — d) Pitzen, Н. (Müncaen) : Coxa vara epiphysarea: Epiphysioloyse in der Früh- und 
Spátbehandlung. 

IV. Harada, T. (Hiroshima) : On the Cowrse and Treatment of A-Bomb Injuries in Hiroshima. 


Antibiotica et Chemotherapia Vol. 9 
Edited by O. Gsell (Basel) will be published in March 1961 


Vol. 8: Ist International Symposium on Anti-infectious and Antimitotic Chemotherapy, 
Genéve 1959. XII + 432 p., 103 fig. 1960 US $16.80 
Long Acting Sulfonamides - Antibiotics - Chemotherapy of Malignant Diseases — Sulfamides in Anti- 


bacterial Chemotherapy - Resistant Stapaylococci — Corticosteroids in the Treatment of Infectious Dis- 
eases — Chemotherapy of Cancerous Affeetions — Grafting of Bone Marrow in Man. 
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THE CURV-X CASSETTE 


и NERTICALVIEW 
_ .. ОЕМЕСКОЕ 
FEMUR 


CAMPBELL X-RAY CORP.—Boston 15, Mass. 
Or Your Dealer 











Ап Authorized Binding 
for 
THE AMERICAN JOURNAL OF 
ROENTGENOLOGY 
RADILM THERAPY AND 
NUCLEAR MEDICINE 


Arrangements have been made for subscribers to 
have their jouraals bound into distinctively de- 
signed books. 


Six issues, January through June or July through 
December, bound in best grade garnet washable 
buckram imprin ed with your name on cover, cost 
but $4.95 per volume. 


Bound journals serve as an immediate reference 
for research anc information. Properly displayed, 
they create a psychological impact on the patient, 
implying the time and effort spent to keep up-to- 
date on the most modern techniques and treatment. 


Ship journals parcel post. Within thirty days after 
гесеірі, bound volumes will be shipped prepaid 
anywhere in the U.S.A. Full remittance must ac- 
company order. 


PUBLISHERS’ AUTHORIZED 
BINDERY SERVICE 
(Binders of all Journals) 

430 W. Erie St., Chicago 10, Illinois 














io gou tested 
your gloves recently 4 


NOTE THESE 
DANGER POINTS: 


]—Thumb seam 


2—Bese of index finger and middle finger 
Insist upon leaded leather 


Order from your dealer, or 


LIBERTY PROTECTIVE LEATHERS, Inc. 
19-24 Burr Street 
Gloversville, New York 





RADIOTHERAPIST 


required by 
SASKATCHEWAN CANCER COMMISSION 
Department of Public Health 


for 
ALLAN BLAIR MEMORIAL CLINIC, REGINA 


SALAR” RANGE: $1133-$1378 PER MONTH. 


REQUIREMENTS: Canadian Certification in Therapeutic 
Radiclogy or equivalent qualification. 


FACILI IES: A full range of therapeutic ecuipment is in 
use including a rotating Cobalt Teletherapy 
Unit. 800 mgm. of Radium are available and 
there is an active Radioisotope laboratory. 


GENERAL. About 750 patients annually undergo radio- 
therapy and are the direct responsibility of the 
"adictherapist. At this Clinic the total number 
of new cancer cases per annum is 966. 


BENEF TS. Three weeks holiday, three weeks accumulative 
sick leave allowance annually with pay, excellent 
pension and group life insurance plans and other 
benefits. 


APPLICATIONS: Forms and further information available 
at Public Service Commission, Lecislative Build- 
ing, Regina. Applicants should refer to file c/c 
6619 and should submit completed forms as 
seon as possible. 
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A HELPFUL CHECK LIST OF 





[] American College of Chest Physicians—ROENT- 
GENOLOGY OF THE CHEST. Edited by Cole- 
man B. Rabin. Pub. 758, 504 pp. (8% x 11), 247 
il., $19.50 

C] Louis Bakay—THE BLOOD-BRAIN BARRIER: 
With Special Regard to the Use of Radio-active 
Isotopes. Pub. '56, 168 pp. 75 il (Amer. Lec. 
Neurosurgery), $5.50 


[] Donald E. Beard, William E. Goodyear and Н. 
Stephen Weens—RADIOLOGIC DIAGNOSIS 
OF THE LOWER URINARY TRACT. Pub. 752, 
150 pp., 280 il., $6.50 


[] William Н. Blahd, Franc К. Bauer, Benedict Cas- 
sen—THE PRACTICE OF NUCLEAR MEDI- 
CINE. Pub. °58, 432 pp., 112 il., $12.50 


O Carl B. Braestrup and Harold О. Wyckoff— 
RADIATION PROTECTION. Pub. 758, 382 pp., 
83 il. (1 in color), $10.50 


[] Franz Buschke, Simeon T. Cantril and Herbert M. 
Parker -SUPERVOLTAGE ROENTGENTHER- 
APY. Pub. '50, 320 pp., 260 il. (20 in full color), 
$10.50 


Г] Charles А.  Carton——CEREBRAL ANGIOG- 
RAPHY IN THE MANAGEMENT OF HEAD 
TRAUMA. Pub. 759, 176 pp., 117 il. (Amer. Lec. 
Neurosurgery), $7.00 


[] Eugene P. Cronkite and Victor P. Bond- RADIA- 
TION INJURY IN MAN: Its Chemical and Bio- 
logical Basis, Pathogenesis and Therapy. Pub. '60, 
208 pp., 22 il. (Amer. Lec. Living Chemistry), 
$6.50 


Г] C. D. Darlington -SYMPOSIUM ON CHROMO- 
SOME BREAKAGE. Pub. '53, 320 pp., 200 il. 
$7.50 


O George Carl de Hevesy——ADVANCES IN RADIO- 
BIOLOGY: Proceedings of the Fifth Interna- 
tional Conference on Radiobiology. Pub. 57, 518 
pp. (614 x 10), 120 il., $15.50 


Г] Alfred A. de Lorimier, Henry С. Moehring and 
John R. Hannan—CLINICAL ROENTGENOL- 
OGY. Volume I: Development and Systemic Con- 
ditions and Local Lesions in the Extremities. Pub. 
'58, 516 pp. (8% x 11), 782 iL, 1177 references, 
$18.50. 


[] Alfred A. de Lorimier, Henry G. Moehring and 
John R. Hannan—CLINICAL ROENTGENOL- 
OGY. Volume II: The Head, Neck and Spinal 
Column. Pub. '54, 488 pp. (8% x 11), 734 il, 
$18.50 


[] Alfred A. de Lorimier, Henry G. Moehring and 
John R. Hannan—CLINICAL ROENTGENOL- 
OGY. Volume III: The Lungs and the Cardio- 
vascular System Emphasizing Differential Con- 
siderations. Pub. '55, 512 pp. (81% x 11), 760 il. 
(5 in color), 705 references, $20.50 


Г] Alfred A. de Lorimier, Henry С. Moehring and 
John R. Hannan—CLINICAL ROENTGENOL- 
OGY. Volume IV: The digestive Tract, the Gall 
Bladder, Liver and Pancreas, the Excretory Tract 
and Special Studies Emphasizing Differential Con. 
siderations. Pub. '56, 674 pp. (8% x 11), 1112 il., 
$24.50 


[] S. Di Rienzo—RADIOLOGIC EXPLORATION 
OF THE BRONCHUS. Pub. '49, 384 »p., 520 il., 
$10.75 


[] Samuel Wright Donaldson—THE RCENTGEN- 
OLOGIST IN COURT (2nd Ed.). Pv b. 54, 360 
pp. $7.75 


[] Arthur Ecker and Paul A. Riemenzchneider— 
ANGIOGRAPHIC LOCALIZATION OF IN- 
TRACRANIAL MASSES. Pub. '55, 440 pp., 430 
il., $13.50 


Г] Friedrich — Ellinggrr—MEDICAL RADIATION 
BIOLOGY. Pub. '57, 980 pp., 171 il., $20.00 


[] Lewis E. Etter—GLOSSARY OF WORDS AND 
PHRASES USED IN RADIOLOGY AND 
NUCLEAR MEDICINE. Pub. '60, ?2- pp., 2 il. 
$8.50 


C] Glenn Files-MEDICAL RADIOGRAPHIC 
TECHNIC (2nd Ed.). Prepared by The Technical 
Service Dept., General Electric X-Ray Corp. Pub. 
'59, 398 pp. (7 x 10), 493 il., $11.00 


Г] К. Н. Flocks and D. A. Culp—RADIATION 
THERAPY OF EARLY PROSTATIC CAN- 
CER. Pub. '60, 84 pp., 76 il. (Amer. Lec. Urology), 
$4.50 


Г] J. | Frimann-Dahl—ROENTGEN ЕХАМІМА- 
TIONS IN ACUTE ABDOMINAL DISEASES 
(2nd Ed.). Pub. '60, 538 pp., 446 il. (5 full color 
plates), $15.50 


[] Arthur Fuchs—PRINCIPLES OF RADIO- 
GRAPHIC EXPOSURE AND PROCESSING. 
Pub. 758, 300 pp. (7 x 10), 600 il., $10.50 

Г] Lytt I. Gardner—MOLECULAR GENETICS 


AND HUMAN DISEASE. Pub. '60, 520 pp., 49 
il. (1 color plate), $11.50 


Г] Otto Glasser—DR. W. С. RÖNTGEN (2nd Ed». 
Pub. "58, 196 pp., 26 il, $4.50 


C] Ross Golden -CRADIOLOGIC EXAMINATION 
OF THE SMALL INTESTINE (2nd Еа.). Pub. 
D9, 588 pp. (7 x 10), 219 il., $28.50 


Г] Harold Elford Johns—THE PHYSICS OF 
RADIOLOGY (2nd Ed.). Pub. '61 (Amer. Lec. 


Radiation Therapy) 


[] Armin Klein, Robert J. Joplin, John A. Reidy and 
Joseph  Hanelin—SLIPPED CAPITAL FE- 
MORAL EPIPHYSIS. Pub. °53, 148 эр. (694 x 
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PRECISION X-RAY REPRODUCTION 


with the LogEtronic Contact Printer 


@ permits earlier and more certain diagnosis 
even in difficult cases by revealing maximum 
X-ray detail information 

€ saves you time by salvaging improperly ex- 
posed or processed X-rays 

€ reduces radiation exposure by reducing 
patient retakes 

€ PLUS provides high quality reproductions 


for teaching, publication, dissemination and 
filing. 
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For further information, write or phone: 
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ALBERT-ACAN X-RAY SOLUTIONS, INC. 






announce the opening of their new offices 
and processing plant at 


1423 ELECTRIC AVENUE 
ELectric 1-4345 East Pittsburgh, Pc. 








The new Albert-Acan office makes available for the first time the full facilities of a 
large national organization and offers the most complete tank service and widest range 
of quality controlled X-ray solutions in this area. 







Mr. Harold Nash, a member of the Albert-Acan X-Ray organization for 15 years, brings 

; y Org 5) | 
to the Pittsburgh area exceptioial administrative abilities in the operation of a com- 
plete tank service installation. 






Mr, William Gartley, a registered X-ray technician, is a member of the American So- 
ciety of X-ray Technicians. He was formerly instructor of X-ray Technique, U.S. Army 
Medical Corps; Senior X-ray ‘Technician, Veterans Administration, Pittsburgh, Ра; 
Ass't. Chief X-ray Technician, Citizens General Hospital, Pittsburgh, Pa. 















Principal Branches: New York œ New Jersey * Detroit œ Flirt 
Cincinnati  * Philadelphia  * | Cleveland 
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image magnification * Stretcher 
bucky radiography * Skull and 
sinuses. 
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CONTINENTAL ™ AY CORPORATION 
1536 Clybourn Avenue * Chicago 10, Illinois 

















xl 


SIEMENS 
ANGIO- 


CARDIOGRAPHY 


and 
THR=E-PHASE 
GENERATORS 


Three-phase generators are 
particularly e*fective in 
angio-cardiocraphy where 
sufficient film blackening 
must be assured within 

the shortest possible time. 
The following values were 
obtained with a Siemens 
TRIDOROS 4 unit at 40", 
high speed screens, 7:1 
gric, Kodak Royal Blue film: 





WHY 





Child 


do hree-phase generators permit 
exposures in practically half the time? 


Because 

1. there is a greater dose output than with 
sincle-phase (4 valve) units due to the 
almos: constant potential on the tube. 


2. tFe x-ray tube is more effectively 
utilized; e.g. a Dynamax 150, at 0.1 sec, 
has а maximum permissible load 

of 54 and 36 kW for three and single- 
phase operation respectively (see curves). 


YN 
Focal Spät Size: DYNAMAX 150 60 CYCLE OPERATION 


2 mas 


Thiekr. Single-Phase Three-Phase 






kV mAs sec kV mAs sec 
85 5 0.006 
95 5 0.007 
19 =m 79- о 0007 
29 =m 110 5 0.008 


SIEMENS NEW YORK INC, EMPIRE STATE BLDG., NEW YORK 1-N.Y. 


One thing all the 
experts agree on ..... 


to see the 


brightest image’  - 


with the 
highest fidelity’ 


with 
no anatomical limitations 









and with the 
lowest dosage‘ 










in Closed-circuit 


TV fluoroscopy 











you need an 
Image 
Orthicon 
System 


the finest example is the у 
Picker-Morgan system because ..... 


l Overall intensification approaches 50,000X 





2 Fully exploits the high gain of the Picker 22 cm Image Tube 
OPE with better image detail 
oh es with adjustable contrast ^ 
bd etes without sticky image lag a 











3“Gets through” any bodypart of any patient 


4 Pelvic fluoroscopy of a 200 Ib. patient needs only 80 KV 
at 2 MA (approximately 2 rpm). 7/2 MA often suffices for 
less dense regions 


~ Your local Picker representative will be glad to fill you in 
on details. Call your local Picker office or write Picker 
X-Ray Corporation, White Plains, N.Y. 
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EVEN A HANGER 


CAN BE DIFFERENT... 


Wol- hangers are superior, because their drop type 
construction makes development easier, prevents 


spilling, prevents streaked negatives, conserves 
solutions. 


Other special features: 
» 1-piece construction 
stainless steel throughout 
special interlock clip 
perfect pin and hole alignment 
passivated to high polish 





Available in wide range of sizes; special sizes produced to order. 
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The Machlett Dynamax “50” 





Machlett Laboratories proudly offers in this, the newest of x-ray tubes, rotational speeds 
three times those of conventional rotating anode tubes. This latest addition to the broadest 


line of rotating anode tubes available today makes possible :— 


e Radiography at 150 KV. 


e Higher loading capacities in millisecond cineradiography and 
general radiography. Triple retational speeds provide loadings 
\/3 times those of сопуепіога tubes. 


e Spot film work in conjunctioa with fluoroscopy without com- 
promise due to focal spot size 


ө Consistently high radiographe quality in conventional as well 
as advanced techniques with the same tube unit. 


This new insert coupled with a new hoas- 
ing design, modern in concept and exeeu- 
tion—small, light and compact—provices 
today's most versatile diagnostic x-ray tool. 


Write today for full techn zal 
data on the new Dynamax “S”. 
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the NEW ultra speed «x 
| T 
Gtamdorc IMAGRAPH ` 


featuring M 
PHOTOFLUOROGRAPHIC | | : 
Odelca CAMERA -— И 


and MOTOR DRIVEN STAND for 
Use in the HORIZONTAL and 
VERTICAL PLANES 





MOTOR DRIVEN STAND: the cross arm on 
which the Angle Hood Camera and tube are 
mounted retates at a pivotal point. This allows 
the camerc to be positioned for use in the 
HORIZONTAL plane beneath an open type 


table. (Camera may also be positioned for use FOR HORIZONTAL PLANE USE. 
in the vertical plane.) 


SUPER SPEED ODELCA CAMERAS are recommended for mass chest surveys, 


routine hospital admissions or high speed serial chotofluorographic procedure. 


The Bouwers Concentric Mirror Optical System which is 
used with a special fluorescent screen and anti diffusion 
grid affords: 









€ MAXIMUM EFFICIENCY and ECONOMY in MINIATURE FILM 
WORK 


€ CLEAR, SHARP LIAGNOSTIC NEGATIVES 
© RADIATION EXPOSURE OF PATIENT REDUCED up to 80 % 
€ GREATEST FLEXIBILITY and VERSATILITY 


Standard IMAGRAPH available with 70mm and 
100mm (4" 4") film for in-line and angle hood 
cameras. Inquiries invited . . . literature sent on 


request. 


Standard Distributors, located in all principal 
cities from coast-to-coast, are experienced X-ray 
men, thoroughly qualified to install and maintain 
Standard apparatus. 





MAAR el 


A A LY T 200 Ча P, 


— X-RAY COMPANY 


FOR VERTICAL PLANE USE. 1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 





D S 





From large dense masses 
to confined areas difficult 


to reach, your GEVAERT 





medical x-ray film aids in 
producing an image of con- | ——— 
cise clarity and definition. е 


And you achieve this гпахі- 


. Exclusive Distributors: 
mum performance with a LOW X-RAY CORPORATION 


161 Sixth Avenue, New York 13, N. Y. 


minimum of exposure. "— 


9109 Sovereign Rcw, Dallas 35, Texas 
725 No. Highland Ave., Los Angeles 38, Calif. 
6611 No. Lincoln Ave., Chicago 45, Illinois 


Nationwide Warehousing 


GEVAERT 


X-RAY FILM 
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Ortho Pharmaceutical Corporation 


RARITAN, NEW JERSEY 


New General Electric 


i Joc dec 
brings a brighter look 
to modern fluoroscopy 


Here's your fluoroscopic dream made a clinical reality! With the 
Fluoricon image intensifier you can far outstrip yesterday's concepts 
of fluoroscopy, reading easy-to-see images thousands of times brighter 
and far more detailed than those of conventional fluoroscopic screens. 
And you view comfortably, with both eyes, thanks to the new General 
Electric optical system. 

Fluoricon also offers you perfected and simplified cinefluorography. 
You can trigger rapid-sequence runs instantly, any time you choose... 
with reliability that makes it truly an everyday diagnostic tool! 

You can even add television, vastly increasing your capacity to 
accommodate observers without crowding your work area. Simply 
locate monitors wherever convenient. 

This just begins our Fluoricon story. See the following pages for 


more details of its many operating features and advantages. 


GENERAL QD) ELECTRIC 


Companion cine cameras make high-speed 
recording as easy as spot-filming! 
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General Electric Fluoricon image intensifier. Compact silhouette 
requires less clearance thar any other typical system (an 8-foot 


ceiling is ample). The Fluoricon is shown here on the recently an- 
nounced G-E Monarch x-ray table. 





Your choice of image tubes All-transistorized TV camera 


Select from a variety of performance characteristics Add large-group viewing capacity to Fluoricon 
—with tubes of 6, 7 and 9-inch field size. You can without adding bulk! Closed-circuit TV monitors 
have brightness ranging to 3000 gain, ideal for high- can be placed wherever you want them. Camera 
speed cinefluorography . . . or choose exceptional has sensitivity surpassing the naked eye . . . hides 
resolution and contrast with a 1000-gain factor. Easy- out cf sight inside Fluoricon optical hood, always 
view, full 4-inch exit pupil (compares with 224 -inch ready for use when you need it. A particular asset 
typical interpupillary span). Two can view simul- for resident training programs. 


taneously simply by attaching beam-splitting consul- 
tation mirror. 


A Flucricon 


offers vou... 


Cine systems —16 and 35 mm 


Simultaneous rapid-sequence filming becomes as 
practical as spot-filming! Just step down frmly on 
fluoroscopic foot-switch for a “take” (like slipping 
into passing gear with your car). Choice of nonsyn- 
chronous camera, using conventional x-ray control 
facilities, or synchronous camera to minimize radi- 
ation (utilizes new G-E grid-controlled x-ray tube 
and pulsing system). Brightness control available for 
automatically insuring correct film exposure. 





Concealed, transistor- 
ized TV camera 
(optional) 













"Turret-tracking" camera 
insures upright images 
(optional) 





Convenient, instantly 
adjustable mirror 


Free use of regular 


4" exit pupil for comiortable, spot-film facilities 


normal viewing 


Instant removal 
—simply squeeze 
Fluoricon release 


Operating controls clustered 


rigat at screen-side Slide-back parking 


....everything you need to command 
ultra-modern image intensification! 


Feature by feature, the General Electric Fluori- ments is reflected in the compact design and 


* соп reveals advanced standards of image quality, precise operation of this cine camera. 
achieves a new flexibility in cinefluorography. With it all, Fluoricon still rivals conventional 
Much of its sophistication stems from the exclu- fluoroscopic devices in operating simplicity. It's 
sive G-E optical system with f/1.0 (90 mm) a genuinely Practical tool—designed for the most 
objective lens. demz nding applications. 
For synchronous filming, General Electric's Ask your G-E x-ray representative about the 


Aerial Camera specialists have created a completely — FLUORICON. Or write to X-Ray Department, 
new camera, solely for cinefluorography. Their General Electric Company, Milwaukee 1, Wisconsin, 
experience with specialized photographic instru- for a серу of Pub. 1702R. 


Progress $ Our Most Important Product 


GENERAL QA ELECTRIC 





Fast automatic processing 


50 minutes, camera to screen. Cramer 
cine-film processor-drier insures uniform 
quality . . . handles 16-mm film up to 
300 feet long, at 24% feet per minute. 
Daylight operation — no 
darkroom required! Ther- 
mostat available for stabiliz- 
ing solution temperature. 

























“Space-Saver” reel-film storage 


Choose from two basic cabinets: one 
holds 198 700-foot canisters . . . the 
other takes 48 400-footers. Use them 
free-standing or stacked, even posi- 
tioned atop regular-type G-E Space- 
Savers — then simply add more as 
needed. Durable, all-steel construction. 


Remote-control projection 


Completely flickerless! Portable L-W 
Cine-X 16-mm projector lets you dial 
both speed and film directioa from 
chairside. Range 2 to 25 frames per 
second, plus single-frame 
triggering. Fast rewind, 
with no need to inter- 
change reels. 


Round out your cinefluorographic facilities 
e 


vith these CINE accessorles- ` 


These proved cine products suppl ed by 
General Electric X-Ray help rounmd-out 
your cinefluorographic installation with just 
the right supporting elements! All are engi- 
neered to standards of superior value. And 
your choice of equipment covers automatic 
film processing, projection, and ccmpact 
reel-film storage. Whatever cine problem 


xà 


you encounter, depend on the experienced 
guidance of your G-E x-ray representative. 
Or just write X-Ray Department, General 
Electric Co., Milwaukee 1, Wis., Rm. А-56. 


Progress fs Our Most Important Product 
GENERAL CD ELECTRIC 


ДЕСІ” 


Же га, 


for simple, precise, economical 


Now you can treat reclining or seated patients 
— at intermediate or long treatment distances. 



















You are 
cordially in- 
vited to visit 

our Booth No. 108 
at the A.R.R.S. 
Annual Meeting, 
Atiantic City, 
Sept. 27-30. 


AECL'S NEW THERATRON “C?” 
is designed to your most exacting clinical 
standards — and your budget: Check these 
FIVE important new features: 


INDEPENDENT SOURCEHEAD SWIVEL — 
] makes available the full range of stationary 
field techniques. Simple setup procedure 


for upright as well as 





reclining patients. 























HIGH CAPACITY — up to 50 rmm 
with a new URANIUM insert for highly 
efficient output rates at medium and long 


treatment distances: 


AECL'S EXCLUSIVE EIGHT-SIDED 
DIAPHRAGM- simply "dial" the field to 
fit the size and shape of the tumour. 


throughout the wide range of treatment 
distances: A full selection of penumbra 
trimming accessories: 


PRECISION BEAM DIRECTION AND 
LOCALIZATION — using the range of easily 
attached accessories aveilable with the 
THERATRON “СЕ”, 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 


4 CLOSE PENUMBRA CONTROL- 


For additional infor- 
mation-please write to 


Р.О. BOX 93 * OTTAWA * CANADA 


60-2M 


хи! 


LIT CU THIXOKO 


brand of sodium diprotrizoate 50% brand of thickened sodi 
acetrizoate solution 50 


So that physicians may have greater 
certainty in diagnosis, we have 
developed four radiopaque medią 


outstanding for their versatility and 
safety of performance... products 

a pioneer in radio ue: madia that typify the imaginative research to 
which we are dedicated. 


Today we meet our standards— 
tomorrow we exceed them. 
After 92 years, it's a habit. 


MALLINCKRODT CHEMICAL WORKS 
St. Louis 7, Mo. 
‘New York 8, N.Y. 





In argiocardiograph y—'"'Sodium acetrizo- 
ate (Urokon sodium),78%, has been found to 
be the contrast mediem of choice, giving 
few side-effects and reactions." 

Steinberg, l.: Angiocardiography an diagnosis of congenital heart 
disease an infancy and childhood, J.A.M.A. 170:772 (June 13) 1959. 
Uroken in its various concentrations may be 
used for retrograde pyelography, intravenous 
urography, cerebral angiography and nephrog- 
raphy. 
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FUROKON PYELOKON-R^ 


brand of sodium acetrizoate brand of sodium acetrizoate solution 20% 





Now... 

for the 

first time... 

a new 

dimension 

in x-ray 
Convenience . . . 


PROrEXRAY 





TABLE HRIGHT 18 ADJUSTABLE 
( Easily. Instantly, Contin uously ) 


Now just press a button to adjust The Emperor’s table height im seconds 
for maximum convenience of both tall and short radiologists. 
| The Emperor tilts 180?— quietly, 
Extra patient comfort, too: Patients can get on and off table — smoothly, with no drifting or coasting. 
The table top moves longitudinally — 40" 
| l | toward head end, permitting easy placement — 
be instantly elevated or lowered to varying heights of of patient over a Rapid Film Changer; also 
11” toward foot end. It moves laterally, permitting 
spot tunnel to be parked clear of table top (for = 
radiography), even with an image intensifier, _ 


comfortably, easily without use of a stool; and table can 


litters or carts, to fecilitate transfer of patients. 


The Emperor features easy, unobstructed access from all 


“nas T. АЯ. E EM P ER Or 4 sides. It's Profexray-designed, in every detail, for heavy-duty 
by PROFEXRAY 


work in the busiest departments of the largest hospitals. 





For complete information 
phone, wire, write | | 
PROFEXRAY, INCORPORATED | 

1401 North First Avenue Maywood, Illinois 





NEO-CHOLEX 


IN CHOLECYSTOGRAPHY 


the Modern, Rapidly Acting, Palatable, Concentrated Fat Meal 
Always Ready at Hand for Immediate Convenient Administration 


The fat meal in cholecystography 
is traditional for its efficacy in 
aiding disclosure of gallbladder 
anomalies, small stones, polyps, 
etc. 

However, modern require- 
ments call for detection, as well, 
of abnormalities of the biliary 
tree. 

NEO-CHOLEX, the highly-con- 
centrated vegetable fat emulsion 
accomplishes both results simul- 
taneously. 


SAMPLES ON 
REQUEST 


3. Cholecystogram 40 
minutes after NEO- 
CHOLEX administration. 


(CETTE. 
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ble emulsion of 40% Pure Vegetob!t " 


r Tor uem d 
MOLECYSTOGRAPHY 


te а 
how tly МО, INC. Pharmaceutical 
NEW YORK АЕ $ҮМТНЕТ!С$ 


12, N.Y., U.S.A 


Within minutes after ingestion, 
delineation of the ducts (cystic, 
common and at times hepatic) is 
successfully accomplished with- 
out the hazards of intravenous 
injections. 

Neo-Cholex is palatable, re- 
quires no refrigeration. It also 
avoids the nuisance of a fatty 
breakfast with its attendant dis- 
advantages of bloating, nausea 
and aversion to such foods by 
many patients. 


1. Cholecystogram 
before NEO-CHOLEX 
administration. 


2. Cholecystogram 8 
minutes after NEO- 
CHOLEX administration. 


BELL-CRAI G, INC. 270 Lafayette Street, New York 12, New York 


In Canada: GILBERT & CO., LTD., Toronto, 4 
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An interesting man 
and an interesting idea 


Hans Geissberger, R. T., FASXT, Chief X-ray 
Technician at the Richmond Memorial Hospital, 
Richmend, Virginia, has perfected many inno- 
vations and refinements in X-ray technique dur- 
ing his thirty-odd year X-ray career. His imagi- 
nation and precision made the improvement 
shown aere between the dorsal spine radiograph 
on the right in plate A and the more evenly ex- 
posed one on the left. 

| | Hans hit upon this idea by chance. He was 
| | trying to filter out undesirable KvP which dark- 
| \ ens the upper dorsal spine in an AP projection. 
| | On the spur of the moment, he put a chunk- 
| wedge of child's modeling clay over the open 
| tube pertal. The result was a better picture. 

To measure the KvP filtration effected by the 
| clay he X-rayed the chunk-wedge beside a step- 
wedge densitometer. Then he replaced the clay 
with a hand-made aluminum wedge of equal 
absorbency (Plate B). This is 17mm thick at its 
deep ead. The wedge face is 35mm long and 
about 5mm wide. It is mounted on a tube portal 
cover, a square of Imm aluminum that can be 
easily and accurately positioned. The filtering 
effect 1s shown schematically in Plate C. 

This technique is now standard procedure on 
all AP dorsal spine projections at the Richmond 
Memorial Hospital. It is not used on the lateral 
project on, but it has been found effective—and 
been adopted—on all AP pregnancies. 

This is one of Hans Geissberger's contribu- 
tions to his art. He has originated special tech- 
niques and equipment in great variety, writes 
much cf interest in the field and also teaches. He 
organized X-ray Technicians’ societies in Nash- 
ville, for the State of Tennessee and in Richmond. 
His ski 1 and imagination have earned him a dis- 
tinctior shared by only 16 others: a fellowship 
in the American Society of X-ray Technicians. 
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DU PONT X-RAY NEWS 





Showing both zygomatic arches 
with one exposure 


by Dennis J. Turner, R. T. (A.R.T.) 
Williamson Memorial Hospital * Williamson, West Vieginia 


X-rays of the zygomatic arches are seldom or- 
dered, but when they are it is important that both 
arches show in a way that allows a good com- 
parison to be made between them. The photo- 
graph above shows an excellent way to de just 
this, and do it on one film with one exposure. 

Place the patient in the prone position wich the 
median plane of the body centered on the mid- 
line of the table. The patient's elbows are dexed 
and the arms placed in a comfortable pos tion. 
Adjust the shoulders so that they lie in the same 
transverse plane as the body with the heac rest- 
ing on the forehead and nose. The median »lane 
of the head is perpendicular to the mid-Ime of 
the Potter-Bucky diaphragm. A 10 x 12 cassette 
is placed lengthwise in the Bucky tray, with the 
top edge 3 inches above the vertex of the skull. 
The central ray is directed to the center cf the 
cassette with the cone tilted 40 degrees tcward 
the head and at a 36-inch Bucky-tube dis-ance. 

For a measurement of 19 centimeters, a tech- 
nique of 100 MA with 1/5th of a second ?xpo- 
sure and 88 KV can be used. A routine ocapital 
skull technique can also be used by subtrzcting 
8 KV to avoid overexposure of the arch-s. In 
either technique, respiration should be susp-nded 
for the exposure. 


DON'T FORGET Third International Conven- 
tion of X-ray Technicians, Queen Elizabeth 


Hotel, Montreal, Canada, June 24th-29-h. 
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Tips for Technicians 


Easier Fixer Mixing 


by Nesbitt W. King 
Chief Technician, Presbyterian Hospital * Charlotte, N. C. 

There's a simple and inexpensive way to make 
powdered solution mixing easier. Using old film 
hangers, you can easily construct a rack to hold 
a 5-gallon can of fixer on the side of the tank in- 
sert. Then, when you're ready to make a new 
batch of solution, you can take a beer-type can 
opener and punch several holes in the bottom of 
the can, with one hole in the top. When you in- 
vert the can of powdered fixer into the rack, the 
chemicals sift through the holes evenly and 
slowly. With an electric mixer running in the 
tank it is possible to mix the fresh solution with- 
out the technician even being present. Where 
mixing is done by hand, this device solves the 
problem of the technician holding the can in one 
hand and stirring with the other: both hands are 
free at all times. 


А new DuPont Liquid X-ray Developer is now 


available. The Developer comes ready for 


immediate use as a developer-replenisher. 
The solution offers wide processing latitude 
with consistent longer life results. It is custom 
matched by Du Pont chemists for Du Pont 
medical X-ray film. 





E. 1. du Pont de Nemours & Co. (Inc.) 
Photo Products Dept., Wilmington 98, Del. 


Sales Offices 
Alana TÉ IO. ter a IE ERR 1737 Ellsworth Ind. Dr., N. W. 
Chitago Ж Фе zoe wn Rn 4560 Touhy Ave., Edgebrook Sta. 
Cleveland T5. ONG. cadens 40 эе an korr 20575 Center Ridge Road 
Debes 7: PRESE, ср» RR HERE OR eR ROS e e d ee 1628 Oak Lawn Ave. 
les Angeles 38, Cali. эре eno o m 7051 Santa Monica Blvd. 
New York 01, М, Че гесе жа даа» cows ел». eae West IN Siren 
Waltham S4, Mate. Ballon), ciues A rArEEEFRS PER 45 £th Avenue 
Wynnewood, Pa. (Phila i... eoo oon 308 East Lancaster Ave. 
EXDOM узса эзара» set ox o ана Nemours Bldg., Wilmington 98, Del. 


CANADA: Du Pont of Canada 
Limited, Toronto 
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ways PICKER NUCLEAR can help you... 
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brain tumors ; é ta d 
thyroid liver s. 
cardiac blood pool 
spleen kidneys 


with this advanced | 
photorecording scanning system 





Picker Nuclear can help you picture the above-listed . 
physiological entities with improved fidelity Бу means of a 
unique photorecording system incorporated n the Picker 
Magnascanner. Its variable contrast enhancement can spread 
a small difference in counting rate over the full density 
range of photographic film for expanded display of slight 
activity differences (e.g. “hot” or "cold". slands in warm 
areas). The system will accept. photographic films up to 
14” x 17”, permitting complete mapping ef a large organ 
like the liver. 


In addition to photorecording the Magnascanner provides con- 
ventional dot scanograms. Progress of the scan is always in full 
view: offering opportunity for adjusting variables (e.g. dot 
factor, travel speed, line spacing, »aekground cut-off). to the 
demands of special areas as they appear during the run. In com- 
bination, these two techniques bring æ new order of resolution 
to the mapping of radioactivity lodged in body organs. 


The Magnaszanner is one of the comprehensive 
Picker line of nuclear instrumentation and 
supplies: all marketed and serviced through 

+ а national network of company offices staffed 
by trained Picker people. (Picker alone in the 
nuclear field offers this caliber of local service). 

For details call your district office (see phone 
bock) or write Picker X-Ray Corporation, 

25 South Broadway, White Plains, New York. 
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Here's the Picker Magnascanner being readied for а 
thaoid scan. The heavily shielded probe and com- 
pmiion precision instrumentation are mounted on a 
freely maneuverable mobile carriage. 


77 Revised edition 


now available 
from Nuclear-Chicago 








DIAGNOSTIG APPLICATIONS 
OF RADIOACTIVE ISOTOPES 
— a нанова асаонварнолеезиаината:и 


The newly published second edition of Diagnostic Appli- 
cations of Radioactive Isotopes contains new radioisotope 
diagnostic procedures along with modifications of pre- 
viously presented methods. The contents, listed to the 
right, suggest the broad scope of this useful and widely 
accepted publication. 


Subject matter describes in outline form the most 
commonly used procedures for each application, and per- 
tinent references will lead the reader to other methods. 


Although the text is intended primarily for those un- 
familiar with radioisotope applications to clinical medicine, 
many will find it a handy refresher guide in this area. 
Useful also in training programs, the publication provides 
a convenient reference to commonly used radioisotope 
diagnostic techniques. 


Nuclear-Chicago will be happy to send you a copy 
without obligation. 


nuclear-chicago 


CORPORATION 





Contents 
How to establish your radioisotope program 


Evaluation of thyroid function using radioiodine 


Estimation of thyroid function with red cell uptake of 
radioiodine labelled thyronine 


Determination of conversion ratio as an estimation 
of thyroid function 


Evaluation of kidney function with radioiodine 
labelled compounds 


Estimation of cardiac output with radioiodinated serum albumin 


Estimation of myocardial blood flow 


Blood and plasma volume measurements using 
radioiodinated serum albumin 


Measurement of red cell mass with radiochromium 


Measurement of red cell survival with radiochromium 


Diagnosis of pernicious anemia with radiocobalt vitamin B42 


Measurement of fat digestion and absorption with radioiodine 
labelled triolein and oleic acid 


Scanning body areas for radioisotope concentrations 


Use of needle-type probe scintillation detectors 





NUCLEAR-CHICAGO CORPORATION 
307 zast Howard Avenue 
Des Plaires, lllinois 


Please send me the new edition of 


DIAGNOSTIG APPLIGATIONS 
OF RADIOACTIVE ISOTOPES 
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for upper G.I. studies — 


is unaffected by changes in pH: no 
precipitation or clumping. Delinea- 
‘ion of the nugae of the stomach is extremely good, and the stomach 


wall is covered so that no portion is left uncoated. 


ма BAROTRAST passes from the stomach to the duodenum in a smooth 
low through the pyloric sphincter. The duodenal cap is completely 
lelineated to illustrate possible craters or ulcerations verv clearlv 


BAROTRAST 
а product of 


BARNES-HIND 
BARIUM PRODUCTS C 


895 Kifer Road 
Sunnyvale, California 





Shipps 
Automatic 
Injector... 


PAT. APPL. FOR 





6 


ACTIVATED 






Price $945.00 
F.O.B. Portland 
Includes: 


INJECTOR 
CONTROL 
REGULATOR 
SYRINGE 


JE éd ааваа Safety: 


Automatic injection eliminates all radiation hazard to your staff. 
Controlling both injection and exposure with one bwtton considerably lessens the personnel 


tension often evident in manual techniques. 


hs LOU Sl Syringe: A newly designed high pressure stainless steel 


syringe is included with each injector. Extra syringes available at $75.00 each. 


Е. аі dud g lexibility: Wsing special glass syringes, the injector 


develops 440 Ibs. hydraulic pressure for catheter angiography. (Hydraulic Pressure — applied 
pressure X power factor of 1.76.) The injector con rol contains a delay timer for the adjust- 
ment of x-ray exposure to the optimal phase of cireulation. Other features include compact- 
ness, light weight (17 lbs.), calibration for various standard angiographic techniques, and a 


method of rapid reloading for multiple injection techniques. 


<. Widely Accepted: The Model 2 Shipps Automatic Injector has been well accepted in many 


leading hospitals throughout the country. АП parts aad workmanship carry a one year warranty. 


MEDICAL INSTRUMENTS, INC., 5315 S.W. Westdale Dr., Portland 1, Ore. 


i MEDICAL INSTRUMENTS, INC., 5315 S.W. Westdale Dr., Portland 1, Ore. 
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Elema-Schonander 





Fluoroscopic table for Angiography and 
Catheterization. Single or twin-tower supports 
fluoroscopic screen or Image Intensifier, cine and 
TV cameras. Floating table top. Available accessories: 
tilting mechanism, device for leg arteriography, 


arm support, stand for two pressure transducers etc. 





Aveilable through your local dealer. 


SCHICK X-RAY 


company, inc. 
444 NORTH LAKE SFORE DRIVE , CHICAGO ti, CLEN OTS 
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ORDERLY OR ORDERLY? 


Your technical personnel are too valuable to be wasted on nonessential duties. Let XSS put them back on the 
X-ray machines . . . full time. Our trained personnel thoroughly clean your tanks before they are filled, inserts 
are scrubbed; and worn plugs are replaced — AT NO ADDITIONAL CHARGE. All you pay for are the solutions 


of your choice: Ansco, DuPont, Kodak or the proven formulae compounded by each service organization. 


«cl your local XSS office today . . . 





CONNECTICUT NEW YORK OHIO 

Parker X-Ray Solution Service Albert-Acan X-Ray Solutions Marmer X-Ray Soluti 
Hartford—JA 8-7114 Woodside—RA 1-4300 Cinci i. Daytoi шг 
Noe thas ре incinnati, Dayton—Ll 2-2800 

MASSACHUSETTS NEW JERSEY PENNSYLVANIA 

A. A. X-Ray Solutiens Albert-Acan X-Ray Solutions Albert-A X-Ray Soluti 
Roxbury—HI 5-5335 UN 3-6511 3d ads da ia bi e 

MICHIGAN 

Albert-Acan X-Ray Solutions OHIO PENNSYLVANIA 
Detroit—FO 6-8100 Medical & Industrial X-Ray Services Astor X-Ray Soluti 
Flint—SU 5-0808 Cleveland—DI 1-8000 Philadelphia -DE 3-2000 
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A matter of 
great importance 
to users of 


орана Балаа MN Nr 

Х-ОМАТ апа PAKOROL-X 

SSS SSSR ——— 
Roller Processors 


The Type-3 Graph-O-Mat system for processing 
x-ray film is the only chemical system that... 
1. Has been formulated exclusively for use in 
all roller processors. 2. Solves the problem of 
excessive contrast. 3. Offers the only harden- 
ing developer formulated to work specifically 
with all medical screen type films. 4, Keeps 
machines cleaner. Eliminates jams caused by 
chemical build-up on rollers. 


Write for current price list and X-Ray Bulletin No. 3. 


+ 
————-" 
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TYPE 1 GRAPH-0-MAT ТҮРЕ 3 GRAPH-0-MAT 


DEVELOPER | FIXER 


REPLENISHER 
5 U.S. GALLONS CONC. 5 U. 5, GALLONS CONC. 


MAKES 20 GALLONS 












PALISADES PARK, NEW 
PALISADES PARK, NEW JERSEY. MADE IN U.S A ARK, NEW JERSEY, MADE IN U.S.A 


Ses 


PHILIP A. HUNT COMPANY 


PALISADES PARK, NEW JERSEY 
BRANCHES IN PRINCIPAL CITIES 
in Canada: Philip. A. Hunt Company (Canada) Ltd., 207 Queen's Quay West, Toronto 
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WORLD'S FIRST NUCLEAR COMPANY 
5806 HOUGH AVENUE + CLEVELAND 3, OHIO 
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The FAX-RAY JUNIOR is the newest development 
in FAX-RAY processing systems. The unit is a product Кы 
of extensive research and engineering to better 
serve the needs of radiologists. B 


OSCAR FISHER COMPANY, INC. 


NEWBURGH, NEW YORK, U.S.A. 


<, tended sy their tough stain- and 


NOW... 


high speed with high definition 


in a new and superior intensifying screen! 


ILFORD FAST 
TUNGSTATE SCREENS 


These new sereens achieve a combination of qualities never before 
available. They are the result of over 35 years of Ilford 
experience ir manufacturing high quality intensifyirg screens. 
Specifically, Ilford Fast Tungstate Screens offer: 
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Speed. Twice the speed of “Stand 
ard" screens at all kilo-voltages from 
40 to 150 KV. 


Definition. Due to unusually fine 
grain size, definition is higher than 
that of many screens with half the 
speed. | 






ILFORD 


FAST 
TUNGSTATE SCREENS 


Static Resistance. A specially com- ш — 
pounded coating dramatically reduces 
the incidence of static induced by un- 
loading cassettes. 


Durability. The useful life of these 
sereens has been substantially ex- 


abrasion-resistant surface. 


Were — -~ -c a а te et ы-ы 


Next time you order intensifying screens, specify Ilford Fast Tungstate 
and solve your screen problems once and for all! 


ILFORD ING. 37 WEST 65th STREET, NEW YORK 23, N.Y. 


IN CANADA: CANADIA4 DISTRIBUTORS FOR ILFORD LIMITED, LONDON; W.E. BOOTH COMPANY LIMITED, 12 MERCER ST., TORONTO 2B. 
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WORLD-WIDE SURVEY 
OF PRESENT DAY BRONCHOGRAPHY* 


clearly shows 


DIONOSIL 


widely used, emphatically preferred 


Fifty-seven specialists in thoracic medicine and surgery, mostly in the United 
States but some practicing in Europe, Canada, South America and Japan, 
replied to a questionnaire sent out by the Committee on Bronchoesophagoscopy 
of the American College of Chest Physicians. 


The results have been analyzed and published. 
Of these 57 specialists, no fewer than 47 used Dionosil. 
Many used Dionosil exclusively, and emphatically preferred it. Particularly 


praised was Dionosil Oily, described as "certainly the favorite preparation at 
the present time". 


The survey showed that: 


@ Bronchography is increasingly used to elucidate lung conditions other 
than bronchiectasis. 


@ Use of Dionosil instead of iodized oil eliminates risk of iodine sensitivity. 
ө With Dionosil alveolar filling is quite unusual. 
@ Complications are rare with Dionosil. 


* Diseases of the Chest, (1958), 33, 251 


dionosil 


is available as oily or aqueous suspensions of propyliodone, 
in 20 сс vials and in 100 cc bottles 


Dionosil is a product of GLAXO Laboratories, Ltd., Greenford, England, 
distributed in U.S.A, by 





PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N.Y. 






UNIVERSAL, 
AUTOMATIC 
SERIO GRAPEL 


The Seriograph can be used for a variety of procedures. 
Illustrated is cerebral angiography 
бтартарау 


"Technique: Suggested for Lateral Projection, Distribution: The Seriograph is distributed 
1/10 sec. 300 М.А. 74 K.V. 40" distance with by all major X-Ray companies and their 
cone to cover 10" diameter. Par speed screens dealers. Contact them, or Automatic Serio- 
or equivalent. 1/2 second interval. 3mm., AL graph Corporation for additional information 


filters added. 


and an illustrated brochure on Model 110. 


the 

AUTOMATIC SERIOGRHRAYPH CORE. 
4900 Calvert Road * College Park • Maryland 

A SUBSIDIARY OF LITTON INDUSTRIES 
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CO -TAINER 





Versatile—the Ansco-Tainer is 
the right size for most jobs. 
Holds a complete Pouchpak from 
a Superpak or Bulkpak carton. 





Gives you complete safety 


in storing and transporting X-ray 





=9 
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A few sheets or a single sheet ... 
complete safety for exposed or 
unexposed film, with all the con- 
venience of total portability. 


films plus these important extras: 


1. Lightweight—strength with- 
out bulk. 

2. Light-tight—completely light 
sealed. 

3. Superior construction—pro- 
tects film against artifacts. 

4. Durable—Long-wearing plas- 
tie finish resistant to stains. 

5. Perfect size—carries just the 
right amount of film needed to do 
the job . . . will hold a 75 sheet 
interleaved or 150 sheet non-in- 
terleaved Pouchpak from a Su- 
perpak or Bulkpak® earton. 

6. Economy—costs far less than 
expensive suitcase containers. 

7. Easier darkroom handling— 
cover opens and closes with ease 
in dark. 


But the new ANSCO-TAINER 
has to be seen to be appreciated! 
Handsome, versatile, the perfect 
darkroom-to-equipment-area 
X-ray film carrier. Pack it, pick 
it up and go... no bulky cases 
when bulk is unnecessary. As pro- 
tective and as safe for your film, 
as the darkroom itself! Ansco, 
Binghamton, New York, A Divi- 
sion of General Aniline & Film 
Corporation. 












JA STROPAQUE 


You will like the quality касан. 
You wih like the puce 
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20 Dose package, Flavored onlv 100 Ibs., 25 Ibs, 101Ь<., Flavored and Unflavored 


Mixes in water without difficulty in advance of use without danger 


and stays well in suspension—ls in of souring—ls ideal for use in a 
no way nauseating to the patient, tropical climate because it is not 
nor is it constipating—Contains no easily affected by heat or moisture 
—Contains Barium Sulphate 97^; 
which differs from U. S. P. standard 


in fineness of grain only. 


ingredient which unduly influences 
gastric mofility—Does not deterio- 
rate or become rancid with age— 
May be prepared a day or more 





BUCK X-OGRAPH COMPANY ST. LOUIS 36, MO. 





ж X-Ray accessories for those who demand quality ж 
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exceptional 


excretory urography 
retrograde pyelography 
vasography 

operative cholangiography 
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^ ORBITRON' 
ШП ЇЙ 


‚4 





The penumbra diaphragm of the 'Orbitron' cobalt therapy equipment 
sharply defines the fields with diaphragm leaves at minimum distance 
from the skin. Easily attached, and with micrometer adjustment of 
tungsten copper blocks moving parallel to the sides of the beam, the 
penumbra diaphragm provides a far higher standard of beam defini- 
tion than hitherto possible in cobalt therapy. 

Ideally suited to stationary field work, the A.E.l. 'Orbitror" also 
provides the most accurate facilities for both 'pin and arc' ard iso- 
centric positioning techniques. Precise movement of the cobalt 
source around the patient coupled with back and front pcinters 
ensures rapid and accurate positioning of all fields. 

With a source of 2,000 curies of cobalt the treatment dose available 
is 90 r/min at 60 cm, yet with shutter closed, the ‘Orbitron’ emits 
only 0.6 mr/hr at 1 m. 


Write for ful! technical data to: AEI Instrumentation Division 
X-Ray Department, 132-135 Long Acre, London, W.C.2, England. 


Instrumentation Division 


ШШ | РИТ 


WITH PENUMBRA DIAPHRAGM SYSTEM 4 
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VICTROMETER 
X-RAY DOSEMETER 


A portable quartz fibre 
electrometer-type instru- 
ment for consistently acc- 
urate determination of X- 
ray doseage or intensity in 
r per min. Mains energised 
and entirely self-contained. 
















Associated Electrical Industries Limited 


5с/11$ 


XXXIX 





23 YEARS 1222 Ыыы buyen ы 
USED X-RAY FILM 


e We purchase all makes and sizes from any point in the 
nation, and pay the freight cost. 


e We remit in advance if desired, or promptly after receipt 
and tally of the value. 


e Write for prices today. We will send shipping labels, and 
direct your film to our nearest plant. 


DONALD McELROY, INC. 


53 W. Jackson Blvd., Chicago 4, Ill. 











now more than ever | 
radiation monitoring you can bank on 


new peace of mind comes to the wearer of 
this badge. Not only does he always know 

the full score on his personal exposure, but he аш А 
can confidently rest on its accuracy, too. 

1 Continuous technical improvement in Gardray 
А film processing and densitometry (direct eer 
{| electronic IBM recording now eliminates all „ТОТА 
"i" possibility of human error) gives him this 

positive protection ... 





GARDRAY records exposures as low as 1 mr, 
as high as 300,000 mr. 


GARDRAY is sensitive to gamma and x-radiations and beta 
radiation: reports them separately. 


GARDRAY reports are cumulative tallies: (1) current week 
(2) 18-week total (3) year's total to date. 


GARDRAY 


GARDRAY reports are prompt (two days in and out, average). cumulative 


GARDRAY identification is doubly-sure: (1) printed on 
wrapper (2) x-rayed on film. TA L L Y 





You can start enjoying this protection (and acquiring this peace of mind) any time. 
Right now, if you wish, by calling any Picker X-Ray local office. Or write to 


Picker X-ray Corporation, 25 So. Broadway, White Plains, New York. 
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ОЈКОЦОСІСАЦШ 
X-RAY TABLE... 












Ф With —COLL/MATI/ING CONE 
end filters for radiation 
protecton 


Ф With —i-F Recipromatic 
Bucky Diaphragm permitting 
conven ent inter-change 
of grids 


Ф With — Service proven motor- 
drive L FT and TILT 


$95 


AMERICA’S BEST KNOWN AND MOST WIDELY 
USED UROLOGICAL TABLE FOR RADIOGRAPHY — 
CYSTOSCOPY —TRANSURETHRAL SURGERY 


The dual-motor base model pictured above features smoothly-powered 
lift from 3615 inches to 511.5 inches and tilt frem 13° Trendelenberg to 
67° upright. Tip-toe master switches are easily available to the urol- 
ogist whether sitting or standing and subordinate hand switches are 
located at the side of the table for his assistant. 


Also available is a low-priced, fixed-height model with manual tilt. 
(Mozor base may be installed at any later time.) This model, with sta- 
tionary grid substituting for the Bucky, is 100%% explosion-proof. 


Consult your A-vay Supplier / 
LIEBEL-FLARSHEIM COMPANY 


DIVISION OF RITTER COMPANY INC. 


CINCINNATI 15, OHIO 
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9 NEW 
TITLES 

IN 
AMERICAN 
LECTURES 
IN 
RADIATION 
THERAPY 


Edited by 
MILTON FRIEDMAN 


Professor of 

Clinical Radiology 
New York University 
School of Medicine 
New York City 





Send for our 1960-61 
catalog of over 


1250 titles 
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RADIATION THERAPY IN THE MANAGEMENT OF 
CANCERS OF THE ORAL CAVITY AND OROPHARYNX 
by Gilbert H. Fletcher and William S. MacComb. With the 
col'aboration о} Alando J. Ballantyne. Physics Section by 
Rcbert J. Shalek and Marilyn A. Stovall. All of The Univer- 
sitz of Texas M. D. Anderson Hospital and Tumor Institute, 
Heuston. Now for the first time information is presented on the 
management of lesions for which standard techniques are not 
apolicable because of their size, location, or metastatic spread. 
Tle authors cover first clinical principles with special emphasis on 
clinical varieties, integration of radiation and surgery, patient 
care, and management of complications. Then applications of the 
principles of radiotherapy to specific management of squamous 
cel carcinomas of the oral cavity and oropharynx are discussed 


in detail. Pub. July '61 


THE PHYSICS OF RADIOLOGY (2nd Ed.) by Harold El- 
ford Johns, Univ. of Toronto. The new Second Edition of Doctor 
Joins’ well-known work, “The Physics of Radiation Therapy,” has 
been expanded to almost twice its original length. Written to 
suoply students of radiology and physics, as well as physicians, 
with fundamental physical principles basic to an understanding 
of radiology, this new edition includes chapters on diagnostic 
radiology, isotope work, protection, radiobiology, and rotation 
therapy. A large number of examples of simple calculations have 
been added. High energy machines are discussed in detail. There 
is a complete chapter on the combination of radiation fields for 
clmical use with many illustrations using cobalt 60, caesium 137 
aml other high energy radiation. Pub. Feb. 61, 788 pp. (694 x 994) 
469 il., $23.00 


CANCER OF THE NASOPHARYNX: Its Natural History and 
Treatment by M. Lederman, The Royal Marsden Hospital, Lon- 
don, England. This work is based on a study of a series of 248 
patients, the majority of whom were seen and treated by the 
au:hor. Аз a result the approach to the many problems associated 
with this disease is inevitably personal, reflecting the author's 
oun observations and conclusions. He covers the more important 
aspects of normal anatomy of the nasopharynx and the pathologi- 
ca anatomy of its cancers. There is special emphasis on the 
fascial attachments and relations to the sinus of Morgagni and the 
parapharyngeal spaces as factors determining the mode of spread 
of nasopharyngeal cancer. A detailed account is given of principles 
underlying radiotherapeutic treatment. Causes and prevention of 
radiation complications are covered. Pub. April '61 





CHARLES € THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois 


THE | NEW | PHELAN PHASIC 
DYE INJECTOR 


is ready to help you by demonstrating its su- 
perior quality and simplicity of construction. 
Use this prece for thirty days and convince 
yourself that it is the best value on the market 


today in a phasic dye injector. 


The component parts of the injector are: 
A. Pressure regulator gauge. 
B. Momentary switch to energize solenoid valve. 
C. Solenoid switch operating on 115 V. 
D. Air cylinder—power source. 


E. Adjustment for graduating amount of media 


expressed. 
F. Micro switch to deenergize solonoid valve. 


G. Pilot light operating simultaneously with 


syringe. 


H. Syringe. 100 cc capacity furnished with unit. 
(50 ce capacity available at extra cost.) 


CO. gas recommended for use. Never use 





oxygen. 


The complete unit is adjustable for height on its vertical standard. Mounted on steel base 


with baked emamel finish—supported by four conductive castors. 


Price—$440.00, f.o.b. Minneapolis. Includes everything pictured with the exception 


of the pressure bottle. 





For further 


PHELAN MANUFACTURING CORP. 


or phone collect 2523 Minnehaha Avenue Minneapolis 4, Minnesota 


information write 
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VANTAGES ОЕ WESTINGHOUSE COBALT 60 


Increased percentaze depth dose . . . reduced 
bone absorption . .. minimal skin reaction 


Cobalt 60 offers these three advantages at a relatively small increase in cost over conven- 
tional 250-300 KV X-ray. And the Westinghouse Cobalt 60 Stand permits precise posi- 
tioning and exact duplication of treatment techniques. 


In addition, the exclusive dial-a-cone terret allows you to select any one of seven field sizes 
with no lifting or removal of cones. Exelusive Beam Shaping Device, accessory attachment 
to Westinghouse Cobalt units, provides tailor-made treatment fields. Any special shape 
or field size up to 20 x 20 cm can be rezlized in minutes. 


Westinghouse Cobalt 60 equipment represents years of research and development and 
offers the ultimate for flexible therapy. For more information, please contact your Westing- 
house representative or write Westirghouse Electric Corporation, X-ray Department, 
2519 Wilkens Avenue, Baltimore 3, Maryland. You can be sure... if it’s Westinghouse. 


Westinghouse 
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INTRODUCTION TO THE SYMPOSIUM ON "IHE 
INTERRELATIONSHIPS OF RECENT 
ADVANCES IN RADIOBIOLOGY 
AND RADIATION THERAPY'"* 


By JAMES J. NICKSON 


NEW YORK, NEW YORK 


HE President, Dr. Theodore Miller 

asked that I organize a symposium 
around the theme "Interrelationships of 
Recent Advances in Radiobiology and 
Radiation Therapy.” It seemed to both of 
us that this was an area of activity of in- 
creasing interest which ought to be brought 
to the attenticn of the Society. Stimulated 
in part by the advent of nuclear energy for 
peaceful «nd military purposes in the past 
two decades, ¿n enormous amount of new 
information hes accumulated at the labora- 
tory leve! wita regard to the effects of a 
wide variety of ionizing radiations upon 
living master. This activity has been going 
forward in талу countries, not least in the 
United 5-ates. 

As more facts accumulate about biologic 
processes. as в so often the case, at some 
point a sufficient bodv of information exists 
to permit the construction ot hypotheses 
with rega-d to mechanisms of action. As has 
been repeated over and over in the relation- 
ship between fundamental sciences and the 
medical sciences, these hypotheses begin to 


have relevance to the treatment of patients. 
Over the past few vears this has been occur- 
ring with radiobiology and radiation ther- 
ару. 

All of us are fully aware that radiation 
therapy as practiced today is largely an 
empiric art based upon observations of 
patients by ourselves and our predecessors. 
The current state of the art, which I believe 
can be said to be fairly high, has been 
achieved. without substantial support, at 
least in the past generation, from activities 
at тоге fundamental levels. Happilv, as 
will be seen in the papers to be presented 
todav, the activities of the biologist are 
developing ideas which are beginning to be 
relevant to the manner in which we as 
clinicians approach patients who suffer 
from cancer. 

We are very fortunate to have as a par- 
ticipant Dr. L. H. Gray, who really needs 
no int-oduction. He is one of the deans of 
international radiobiology. His contribu- 
tions initially to radiologic physics and 
latterly to radiobiology are characterized 


* Presented at the Forty-second Annual Meeting of the American Radium Soeiety, San Juan, Puerto Rico, March 17-19, 1960. 
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by a clarity and breadth of thought which 
may fairly be said to be equalled by few 
other minds currently in the field. His work 
over the past decade, in recognizing the 
Importance of oxygen tension as a modifier 
of the biologic effect of ionizing radiations 
and his sponsoring of the concept of clinical 
trials to test the implications of this princi- 
ple when treating patients with cancer, is 
alreadv classic. 

Dr. William B. Seaman will discuss the 
initial results of the clinical trials to date 
and will describe the progress of the experi- 
ments at Columbia University, to test, in a 
formal way, the effect of modification of 
oxygen tension upon treatment of patients. 

Dr. Harvey M. Patt will discuss the theo- 
retic background for the modification of 
radiation response with emphasis on mech- 


James J. Nickson 


May, 1961 


anisms of action primarily or exclusively 
not involving oxygen tension. His paper 
will not be published with this symposium. 

Dr. Malcolm Bagshaw of Stanford Uni- 
versity will discuss the prospects for the 
role of chemical potentiators in radiation 
therapy. 

It is re-emphasized that these matters are 
of the greatest importance to the future of 
radiation therapy. I am convincec that the 
principles to be considered today are but 
the forerunners of other considerations 
which will over the next two decades pro- 
foundly alter our understanding of the ac- 
tion of ionizing radiation in cancers and in 
normal tissues in man. This understanding 
will influence favorably our abilitv to treat 
successfully patients with cancers with 
ionizing radiation. 


Vor. 85, No. § 


RADIOBIOLOGIC BASIS OF OXYGEN AS A MODIFY- 
ING FACTOR IN RADIATION THERAPY* 


By Dr. L. Н. GRAY 


British Empire Cancer Campaign Research Unit in Radiobiology 
NORTHWOOD, ENGLAND 


* TD) EPRODUCTIVE integrity," or the 

capacity of a cell for indefinite 
proliferat on m a suitable environment, is 
an important concept to the radiotherapist 
since it is a requirement for the permanent 
cure of a cancer that the reproductive 1n- 
tegrity of every cancer cell should, by 
some means, зе destroved, irrespective of 
whether these cells die or differentiate. This 
contribution to the symposium will be con- 
cerned with the manner in which oxygen 
tension ir fluences the proportion of a popu- 
lation of normal or malignant cells which 
lose reproductive integrity as a result of 
exposure to a given dose of ionizing radia- 
tion. 

Despit2 the fact that the reproductive 
integrity of mammalian cells is rather easily 
destroved by ionizing radiation, the re- 
sources of the radiotherapist are stretched 
to the utmost in radical therapy. We shall 
see that this is understandable, having 
regard tc the very large number of prolif- 
erating cells in a tumor of average size, if 
recent experimental determinations of the 
relation between the dose and the propor- 
ton of cells which retain reproductive 
integrity after irradiation 74 vitro and in 
vivo are taken as a guide. We shall see, 
moreover, that the distribution of oxygen 
tension within a tumor may be crucial to 
success or failure, and we shall consider 
wavs of correcting a situation in which the 
oxygen sippl» is inadequate. 

THE INFLUENCE OF OXGYEN ON THE 
LOSS OF EEPRODUCTIVE INTEGRITY 
BY MAMMALIAN CELLS 
(А) EXPERIMENTAL OBSERVATIONS 

Although very many forms of radiobio- 
logic damage in many different types of 


* 


cells are aow found to show a characteristic 
dependence of sensitivity on the concentra- 
tion of oxvgen in the immediate vicinity of 
the cells at the time of irradiation, 5 it 15 
only recently that the influence of oxygen 
on loss cf reproductive integrity has been 
investigated. Figure 1 shows the results of 
one such investigation, carried out by my 
colleague, Dr. D. L. Dewey,” using cells 
derived from human embryo liver which 
were grown attached to glass under stand- 
ard concitions in a culture medium before 
and after irradiation. They were detached 
from the glass and irradiated 1n suspension 
at controlled oxygen tensions. After irradia- 
tion ther were plated as single cells, follow- 
ing the methods elaborated by Puck ef 
21.29.3981 (see also reference 23). The sur- 
vivors which give rise to microscopic clones 
are those which retain reproductive in- 
tegritv 2s defined above. 
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Fic. 1. Colony forming ability of human liver cells 


after exposure to roentgen rays 77 vitro (Dewey™). 


) A M _ Я . - Е А в Я < А 
Presentec at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 


Part ot the Symposium on "Interrelationships of Recent Advances in Radiobiolegy and Radiation Therapy.” 
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Several features of these curves are im- 
portant to us: 

I. Over most of its length each curve 
relating log survival with dose is linear, but 
there is an initial shoulder to the curves 
such that the linear portion extrapolates 
back to about 2. 

2. All curves have the same shape, irre- 
spective of the concentration of dissolved 
oxygen, and may be superimposed bv a 
simple contraction of the dose axis. This 
implies that the influence of the dissolved 
oxygen may be specified (for a given туре of 
cell and given culture conditions) by a dose 
multiplying factor /(O;) which depends on 
the oxygen concentration but not on the 
dose. 


F(O;) = 
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ing the animal two minutes after it had 
been killed. 

Since 1t was observed that the adminis- 
tration of oxygen instead of air to the 
animal during irradiation did no- signifi- 
cantly increase the sensitivity of the cells to 
irradiation, it was concluded that curve A 
represents the dose survival relation at 
maximum sensitivity. We may note (1) 
that curves A and B have the same shape, 
and indicate an extreme sensitivity ratio of 
about two and a half, in close agreement 
with the data presented in Figure 1, and (2) 
that the shape of the curves closely resem- 
bles those of Figure 1 in having a long 
straight portion—which in this case extends 
over five powers of ten—and in extrapolat- 


Dose required to produce a given survival in the absence of oxygen 





3. That cells irradiated in the presence of 
air and oxygen are equally sensitive, and 
both are about two and a half times as 
sensitive as those irradiated anoxically. 

4. That cells in the presence of a very 
small amount of dissolved oxygen, namely 
that which results from equilibration with a 
gas phase at 20°C. which contains only 0,27 
per cent oxygen, have a sensitivity about 
intermediate between that of anoxic cells 
and of fully aerobic cells. 

Figure 2 shows the observations of 
Hewitt and Wilson.?" Here also the survi- 
vors are those which retain reproductive 
integrity. However, in this case the cells, 
which are derived from a leukemia which 
arose spontaneously in a CBA strain of 
mice, have been grown zz vivo, irradizted in 
the liver of the animal which thev have 
invaded, and are tested after extraction and 
re-implantation into a new host of the same 
strain, by their ability to proliferate and 
give rise to a clinical leukemia. Thus, the 
cells are normally grown, irradiated, and 
tested for reproductive integrity in the 
living animal (curve A). Data for cells 
irradiated in the liver under anoxic condi- 
tions (curve B) were obtained bv irradiat- 


Dose required to produce the same survival at the specified oxygen concentration 


ing back to about 2. 

The slopes of the long straight po-tions of 
the curves in Figure t are obviously steeper 
than those in Figure 2, both for cells irradi- 
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lic. 2. Tumor forming ability of mouse leukemia 
cells after exposure to Соё gamma rays (Hewitt 
and Wilson??), Lower: Curve A. Upper: Curve B. 
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ated anoxically апа at high oxvgen ten- 
sions, but if an allowance of 0.8 is made*^?? 
tor the relative biologic effectiveness of the 
Co*" gamma rays used for the zz vivo irradi- 
ations relative to the 190 kv. roentgen rays 
used in the zz ого studies, the sensitivities 
of the leukemia cells tested within the ani- 


mal differ only by 7 per cent from those of 


the human liver cells irradiated 77 vitro un- 
der comparable oxvgen tensions. 

This very large measure of agreement 
between the two sets of data is rather re- 
markable. The two investigations from 
which these data are derived appear to be 
the onlv ones which have been made so far 
of the loss of reproductive integritv bv 
mammalian cells under conditions of con- 
trolled oxvgen tension. Numerous dose 
survival curves have, however, been pub- 
lished, such as those by Puck?’ and his 
collaborators and by Elkind and Sutton" in 
which the cells have been irradiated ‘‘aero- 
bicallv" without special attention to the 
prevailing. oxygen tension. The results 
obtained in most cases are probably а 
measure of the maximum sensitivitv, as far 
as oxvgen 1s concerned. Thev are listed, 


together with those of Dewey” and of 
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Hewitt and Wilson,” in Table 1. [n order to 
obtain as good an estimate as possible of 
the reative radiosensitivities which the 
different types of cells would display if all 
were exposed to radiation of the same 
quality at the same oxvgen tension, an 
allowance of 0.8 has been made for the 
relative biologic efficiency for Co*" gamma 
rays relative to roentgen rays, and an al- 
lowance of 1.4 has been made” for the rads/ 
roentgen in the experiments of Puck?’ and 
his colleagues, in which the cells were at- 
tached to glass during the irradiation. 


(B) SOME CALCULATIONS BASED ON THE 
EXPERIMENTAL OBSERVATIONS 


On the basis of the general agreement 
presented in Table 1, it seemed worthwhile 
computing cell survivals and cure rates, 
which might be expected when a tumor of a 
given size Is exposed to a therapeutic dose 
of radiation at a given oxygen tension. To 
do this, additional information is required 
conceming the relative sensitivitv of cells 
at Intermediate oxygen tensions, and for 
this purpose the data of Deschner and 
Gray,” (Fig. 3) were used. If the extreme 
sensitivity ratio is denoted by m the data 
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BY MAMMALIAN CELLS 
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| ANAEROBIC 
= - | Chromo- - - - 
Mammal | empar | some Author Radiatioa Extrapo- DaX Кач» Ex-rapo- Dai X Кад 
Барта | No. lation Rads lation Rads 
No. XRBE* OM XRBE 
Man | Hel.a S5 ~78 Puck and Marcus?" 230 kvp. 2 136 
А Carcinoma of 
Cervix 
Conjuctiva ~78 Puck e 547?! HVL=1.4 mm. Cu 2 126 
Liver ~78 Puck e al’! HVL=1.4 mm. Cu 2 136 
| Appendix ~ 7È Puck et a/.3! HVL=1.4 mm. Си 2 136 
Skin (4 spec.) 46 Puck e 4/.?! HVL= 1.4 mm. Cu 1.5 100 
Spleen 46 Puck e a/.3! 1.5 100 
Owary 46 Puck eż a/.*! 5 100 
Lung ~T4 Puck et 4/.?! | 2 236 
Liver ~75 Dewey? o Ку. 2 119 2 263 
Mouse Leukemia 42 Hewitt and Wilson? | Co® y rays 2 127 2 293 
Hamster | Owary 22 Elkind and Sutton? | zz kv. 4:5 t42 | | 




















* RBE assumed to be unity for all qualities of roentgen radiation and о. ‘or Со?! gamma rays. 
Note: Ds: is the increment of dose, measured on the linear part of the игу val curve, which reduces the number of survivors by a 
factor 1 /e or 37 per cent. When calculating dose in rads, the correction has beer applied where necessary?! for the photoelectric emission 


from the glass to wh ch the cells were attached. 
Data of Elkind and Sutton quoted as published. 
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lic. 3. Influence of oxygen on radiosensitivity. 


are satisfactorily represented bv 


s | do] 
——([-J-(m-—1)-—————— 
Se | IO. |+ А 

where A is the concentration of dissolved 
oxygen [O;|] at which the sensitivity S is 
exactly midway between the anoxic value 
Sy and the maximum aerobic value m- Sy. 

It was estimated that at room tempera- 
ture K= £4 M/I, corresponding to a partial 
pressure of 2.8 mm. Hg. A possible cepend- 
ence of К on temperature has not yet been 
fully investigated. In the absence of evi- 
dence to the contrarv, it will be assumed 
that K is the same at 37°C. as at room 
temperature, so that, when allowance 15 
made for the difference in the solubility of 
oxygen at the two temperatures, ve con- 
clude that mammalian cells at 37 С. are 
probably midway between the anoxic and 
fully aerobic levels of sensitivity when the 
oxygen tension in the immediate vicinity of 
the cells is about 4 mm. Hg. Since the best 
estimate of m, derived from the cata of 
Dewey? and of Hewitt and Wilson” is 
about 2.3, loss of reproductive integrity by 
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mammalian cells will be assumed to be 
related to oxygen tension by the equation 


$ Ро, 
ep (1) 
Sy 
where Po, is the partial pressure of oxygen 
in im. He at35 C. 
Below the shoulder, z.e., for doses above 

about оо r, curve B of Figure 2 is repre- 
sented bv 


N D 
Logio — = Logio a 
No © ÇO 


Combining this with equation (1) we obtain 
the following expression for the fraction of 
mouse leukemia cells which survive a dose 
D when irradiated in the living animal at a 
partial pressure of oxygen equal to Po, mm. 
Hg 

Po, 


I d- 1. ) 2) 
Eom | 


Curves based on equation (2) for doses of 
Co*? gamma rays up to 4,500 rads delivered 
to cells at partial pressures of oxygen equal 
to О, 1.5, 4 and 40 mm. Hg are given in 
Figure 4. It 1s assumed that the logarithm 
of the surviving fraction continues to fall 
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Fic. 4. Survival of mouse tumor cells after a single 
exposure to Co® gamma rays at different oxygen 
tensions. Experimental data: Hewitt and Wilson,” 
and Deschner and Gray." 


linearly with dose between 3,000 rads (the 
highest dose investigated experimentally) 
and 4,500 rads. The striking fact emerges 
that the proportion of cells which may be 
expected to survive a single exposure to 
4,500 rads 15 ten million times smaller if the 
cells are aerobic (40 mm. Hg) than if they 
are anaerobic at the time of irradiation. 
This may be expressed alternativelv bv 
saying that if there is to be no more than a 
1:10 chance of a single cell surviving a dose 
of 4,500 r, then the initial population of 
proliferatinz tumor cells may be as great as 
Іо cells (so g. tissue) if they are aerobic 
when irradiated, but only 10* cells (0.008 
mg. tissue)—a clinically insignificant mass 
—if they are anaerobic when irradiated. 
These masses are represented bv cubes on 
the righthand side of Figure 4. Intermedi- 
ate sizes are shown for partial pressures of 
oxygen equal to 1.5 and 4 mm. Hg. 

Since microscopic examination? sug- 
gests that in many tumors there may be 
discreet foci of anoxia in a mass of moder- 
ately well vascularized tissue, it is of 
interest to examine the curves shown in 
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Fic. 5. Survival of mouse tumor cells of which 1 рег 
cent are at reduced oxygen tension. Experimental 
data: Hewitt and Wilson, and Deschner and 
Gray." 
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Fic. 6. Induence of the proportion of anoxic cells on 
cure rate. Со? gamma rays; single exposure. 


Figure 5 which are based essentially on the 
experimental observations of Hewitt and 
Wilson? and of Deschner and Gray," as 
were those of Figure 4, but in which it was 
assumec that 99 per cent of the tumor cells 
are at venous oxygen tension and only 1 per 
cent are at the reduced oxvgen tensions 
indicated alongside the curves. 

It is evident that the curability of a 
palpable tumor still depends critically on 
the oxygen tension of the partially anoxic 
cells, despite the fact that these amount to 
no more than 1 per cent of the total tumor 
cell population. 

If the chance of curing a tumor is taken 
to be the probability that no cell retains 
reproductive integrity, we may use the 
curves of Figure 4 and 5 to compute the 
relation between percentage cure rate and 
dose for a population of proliferating tumor 
cells of any given size. In Figure 6 results 
are presented for an initial population of 2 
10° tumor cells (about 0.2 g. tissue, 7.¢., 0.1 
g. tumcr cells, assuming equal masses of 
tumor cells and stroma). The points inter- 
mediate between the ''aerobic" and the 
"anaerobic" curves show the position of 
the о per cent cure points for cases in 
which a mass of predominantly aerobic cells 
contains а small percentage (0.1, 1 or 10 
per cent) of anoxic cells. The steepness of 
the computed curves is in striking contrast 
with what is generally observed in animal 
experiments and in clinical experience. The 
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Fic. 7. Diffusion of oxygen into a cylinder 
of metabolizing tissue. 


significance of this will be discussed later. 

The curves of Figure 4 may be used to 
examine another facet of the problem of 
tissue anoxia in radiation therapy; namely, 
the expected influence of venous oxygen 
tension on the cure rate of tumors which 
have a histologic structure of the type ob- 
served in certain classes of carcinoma of the 
bronchus. Characteristically, hollow cy- 
lindrical masses of apparently viable cells 
are bounded externally by well vascular- 
ized stroma and internally by necrotic 
tissue. The oxygen tension most certainly 
falls from the outer to the inner beundary, 
and reasons have been given for believing 
that cells near the inner boundary are at a 
very low oxygen tension or completely 
anoxic. The lower half of Figure 7 repre- 
sents a cross section of such a cylindrical 
shell of tumor, having an outer radius of 
300 и and an inner radius of 190 и. The up- 
per half of the Figure (full lines) shows the 
computed distribution of oxygen tension 
through the cylindrical shell of viable 
tumor cells when the outer boundary (7.e., 
the stroma) is at 40, 50 or 60 mm. Hg. The 
broken lines show the corresponding frac- 
tions of surviving cells after exposure to а 
single dose of 4,500 г. A rough rule is that 
each 7 mm. Hg increase in oxygen tension 
at the surface of the tumor cords decreases 
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by a factor of 10 the fraction of cells which 
survive a dose of 4,500 r. 

Figure 8, curves B and B’, shows the com- 
puted cure rates for a tumor mass about 3 
cm. in each dimension, made up of a large 
number of such cvlindrical cords and com- 
prising a total of 2.5 10'° tumor cells. The 
oxygen tension at the surface of the cords is 
assumed to be до mm. Hg and 69 mm. Hg 
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Fic. 8. Influence of histologic structure and oxygen 
tension on cure rate. Со? gamma rays; single ex- 
posure. 

Top level: Distribution of oxygen tension. 

Middle level: Histograms showing disposition of 
surviving cells. 

Abscissae: The tumor is divided into imaginary 
cylindric cells, each 5 u thick. Zone numbers in- 
dicate the sequence of these cylindric cells, 
counting from the axis (Type A) or from the 
boundary of the central anoxic region (Types 
B and В”). 

Ordinates: The proportion of survivors to be ex- 
pected in each zone. 

Bottom level: Computed cure rates. 
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in the case of curve B and B’, respectively. 

The estimated о per cent cure dose for a 
single exposure to Со gamma rays is seen 
to be about 8,000 rads in the case of curve 
B, which is not much less than the figure of 
9,100 rads computed for the case in which 
all the cells com»osing the tumor are totally 
anoxic. If, however, venous tension were 
raised by 20 mm. Hg so as to give an oxygen 
tension of 60 mm. Hg at the surface of the 
cord, the £o ре” cent cure dose, curve B’, 
would be reduced bv a third to 5,100 rads, 
which is onlv 2: per cent greater than that 
for a case in which all cells are fullv aerobic. 

This study, especially the comparison 
between the positions of curves B and В’, 
encourages the clinical trial of any proce- 
dure, such as oxygen administration, which 
may Increase venous oxygen tension even if 
on physiologic grounds the expected rise in 
oxygen tension may not exceed 10-20 mm. 
Hg. The middle curve of Figure 8 corre- 
sponds to the case in which the surface 
oxvgen tension s 40 mm. Hg and the tumor 
cords are all of 'critical" size,” z.e., oxygen 
tension just reaches zero at the axis of the 
cord and there ts no central necrosis. 

At the middle level of Figure 8 the histo- 
grams show the disposition of the surviving 
cells. Except ir. the case of the cords of 
critical size, the majority of the cells which 
retain. reproductive integritv will be ex- 
pected to be located within 5 и of the inner 
boundary at which oxygen tension actually 
reaches zero. Ir the critical cords it is, for 
geometric reasons, the second 5 и zone, 
counting from the axis which contains the 
majority of cells which retain reproductive 
Integrity after mradiation. 

The array of § curves in Figure 8 illus- 
trates how the бо per cent cure dose of 
tumors, composed entirely of cells having 
identical radiation sensitivity when meas- 
ured at the same oxygen tension, may be 
shifted progressively upwards from 4,000 
rads to 9,100 rads solely by differences in 
the histologic st-ucture and blood supply of 
the tumor. The same conclusion is reached 
when other types of histologic structure are 
considered.*4 
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THE DISTRIBUTION OF OXYGEN 
TENSION IN TUMORS 

Since the balance between failure and 
success n radiation therapy may hinge so 
critically on the distribution of oxygen 
tension throughout the tumor, it is very 
regrettable that we are still so ignorant on 
this important point. Figure 7 gives some 
idea of the magnitude of the problem in- 
volved тл attempting to obtain the required 
information directly by means of any kind 
of microelectrode. It is only oxygen ten- 
sions less than about то mm. Hg which 
are of interest from the radiobiologic 
standpo nt. These are so far below normal 
venous tension that thev are onlv to be 
expected at points which draw their oxvgen 
from capillaries through which the blood is 
flowing abnormally slowly, or which are 
separated from the nearest functional capil- 
laries by tissue in which an oxygen gradient 
exists оп account of tissue respiration. As 
shown :n Figure 7, a point at which the 
oxygen tension is 10 mm. Hg may be sepa- 
rated from one at which it is zero by no 
more than 50 д. This situation does not lend 
itself tc detailed exploration by micropo- 
larographic electrodes, which inevitably 
distort the tissue structure and capillary 
arrangement at the points at which thev 
are introduced, which constitute an unnat- 
ural drzin of oxvgen flowing into the re- 
gion, ard which require that the oxygen 
should fow to the tip of the electrode under 
the sole influence of the diffusion gradient 
which would be set up in an undisturbed 
fluid if che current registered by the elec- 
trode is to be interpreted in terms of the 
oxygen cension in the region of the tip. 

The use of microelectrodes has, however, 
helped to establish that the average oxygen 
tension n tumors is often much below that 
in normal tissue, and has given valuable 
informacion as to the effect of ancillary 
treatments on tissue oxygen tension.??:*^ 

Nearly thirty years ago Cramer! and 
Mottram*:** drew attention to the positive 
correlation between the curability of animal 
tumors and the vascularity of the tumor 
bed. Mettram, moreover, showed that the 
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cytologic damage sustained by tumor cells 
after exposure to a given dose of ir-adiation 
was much greater in cells which were close 
to the vascular bed than in those which 
were more remote. [n the light of the 
quantitative studies of histologic structure 
already referred to,? there can be little 
doubt about the existence of anoxic foci in 
tumors, but, to be important to the radio- 
therapist, these foci must conta n tumor 
cells which have retained reproductive 
integrity even though they тау not be 
actively proliferating in their nut-itionally 
deficient environment. The best evidence 
for the existence of cells which ret: in repro- 
ductive integrity at radiobiologically low 
oxygen tensions comes from exper ments in 
which tumors have been irradiat2d under 
increased or reduced oxygen tensicn. 


(A) CYTOLOGIC EVIDENCE 


Betore commencing their clinical investi- 
gation of radiation therapy under -ncreased 
oxygen pressure, Churchill-Davidson eż al." 
examined the effect of oxygen ad ministra- 
tion on the cytologic damage resul-ing from 
a test dose of 1,000 r. Eight tumors were 
selected and divided into two elds for 
irradiation. One field was irradiated while 
the patient was breathing air and one while 
the patient was breathing oxygen at 3 
atmospheres. The cytologic damace seen in 
the two fields was compared when the 
tumor was excised fourteen days after 
irradiation. Although the administration of 
oxygen under pressure had little 2fect on 
the overlying skin reaction, the -ytologic 
damage to the tumor cells was jud zed to be 
greater in 7 cases out of 8. In some of these 
cases the difference was very merked. In 
the eighth case no cells of norma appear- 
ance were seen in either field, so no com- 
parison was possible. 


(B) EVIDENCE FROM ANIMAL TUMOR 
REGRESSION STUDIES 


Hollcroft, Lorenz and Matthews? ob- 
served that the administration cf 95 per 
cent О›»/$ per cent СО», instead of air, to 
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mice during irradiation increased the ef- 
fectiveness of the irradiation in causing a 
temporary regression of an implanted 
lymphosarcoma. 

Scott!’ and, independently, Dittrich and 
Stuhlman!* observed that increasing the 
partial pressure of respired oxygen im- 
proved the response of 2 different lines of 
Ehrlich mouse carcinoma to roentgen ir- 
radiation by a factor of 1.5 or more. The 
fact that these tumors are homografts 
which arouse immunity, probably does not 
invalidate the conclusion that oxygen ad- 
ministration increased the tumor response 
to roentgen ravs,? but may have influenced 
the extent of the increase. 

More recently, Thomlinson* has carried 
out an extensive investigation of the regres- 
sion of transplants of a tumor which arose 
in 1945 asa result of benzpyrene painting in 
Wistar rats which had been inbred since 
1939. The bodies of the animals were 
shielded and the tumors were irradiated (a) 
while the animal was breathing air, (b) 
while the animal was breathing air but the 
tumor was isolated from its blood supplv bv 
a clamp, and (c) while the animal was 
breathing oxvgen at 4 atmosphere pressure. 
The effect of each ancillary procedure alone 
was controlled. As judged Ьу the effects 
of the irradiation on tumor growth, 4,000 
r delivered to the anoxic tumors closelv 
matched 2,000 r delivered to tumors hav- 
ing a normal unrestricted blood supplv in 
animals breathing air; 4,000 r delivered 
to the tumor while the animal was breath- 
ing air closely matched 2,000 r delivered 
while the animal was breathing oxvgen 
under pressure. The extreme ratio of*the 
effectiveness of the irradiations, as con- 
trolled by available oxvgen, is thus 4:r. 
When rats were breathing air, the effective- 
ness of the radiation on the tumor was ap- 
proximately midway between these ex- 
tremes. The technique used in these 
experiments represents an advance on pre- 
vious investigations in several respects, 
particularly in that 1mmunogenetic differ- 
ences between tumor and host were cer- 
tainly small and probably negligible. 
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(C) EVIDENCE FROM STUDIES OF LOSS OF 
REPRODUCTIVE INTEGRITY BY TUMOR 
CELLS IRRADIATED JN VIVO 

As stated earlier, Hewitt and Wilson?’ 
observed no increase in the effectiveness 
with which radiation induced loss of repro- 
ductive integrity in mouse leukemia cells 
which had infiltrated the liver when oxygen 
was administered to the animal instead of 
air during irradiation. A reduction in sensi- 
tivity amounting to a factor of ~2.3 was, 
however, observed if the cells were irradi- 
ated two minutes after the animal had been 
killed. From this it mav be concluded that 
the leukemia cells which had invaded the 
liver were already at an oxygen tension high 
enough to confer maximum sensitivity 
when the animal was breathing air. 

In subsequent experiments (Hewitt and 
Wilson?) the radiation induced loss of 
reproductive integrity bv cells of a fibrosar- 
coma growing as a solid tumor in isogenic 
hosts was tested Ьу a procedure similar to 
that used for testing the leukemia cells, 
except that the fibrosarcoma cells had first 
to be brought into a cell suspension by 
trypsinization. The effect of a given dose of 
radiation on loss of reproductive integrity 
was in this case found to be the same, 
whether the mouse was alive or dead at the 
time of irradiation, Onlv one or two dose 
levels have so far been tested, but the data 
at present on hand seem to show verv 
clearly that a corsiderable proportion of the 
cells of the solid tumor which retain the 
capacity to proliferate when inoculated into 
a new host 15 normallv situated in re- 
gions of extremely low oxygen tension. 


(D) EVIDENCE FROM DOSE RESPONSE RELATIONS 
FOR PERMANENT REGRESSION OF 
ANIMAL TUMORS 


For reasons discussed in detail by 
Scott,’ the use of homotransplants is 
unsatisfactory for this tvpe of study and 
may, indeed, be completely misleading. In 
this section we shall draw upon data from 
those investigations in which an attempt 
was made to work with isogenic tumor and 
host by using spontaneous tumors or trans- 
plants of spontaneous tumors into animals 
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of the strain in which the tumor arose. The 
doses, moreover, are larger than those em- 
ploved in the experiments discussed in 
the section on cvtologic evidence, and were 
such as to secure a complete regression of 
the tumors in a proportion of the irradiated 
animals. 

1. In the experiments of Cohen and 
Cohen,’ the roentgen radiation was deliv- 
ered as a single exposure while the animals 
were breathing air. The tumors were com- 
paratively large, e7z., 1 cm. in diameter, at 
the time of irradiation. For purposes of 
calculation the initial population of prolif- 
erating tumor cells has been taken to be 
about 1.5 10°. This is based on the observa- 
tions kindly supplied by Dr. E. A. Wright," 
who estimated the mean tumor cell diame- 
ter in mammary tumors of C3H mice to be 
about 7 u. Since Cohen and Cohen used 240 
Кур. roentgen rays in their experiments, the 
survival curves of Elkind and Sutton” (see 
Table 1) rather than those of Hewitt and 
Wilson" have been used to compute ex- 
pected cure rates for fully aerobic and com- 
pletely anoxic tumors. The experimental 
data of Cohen and Cohen, together with 
the two computed curves, are shown in 
Figure 9. If the data of Dewey” (Fig. т) 
had been used, the computed curves would 
be displaced to the left bv a factor of about 
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Fic. 9. Cure rate of C3H implanted tumor in C3H 
mice (Cohen and Cohen): 240 kvp. roentgen 
rays; 1.5 12* cells tumor. Theoretic curves from 
Elkind and Sutton. 
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o.8 in dose. It is evident that the experi- 
mental curve (broken line) is intermediate 
between that expected for tumors with 
fully aerobic cells and those in which all 
cells are completely anoxic. The authors 
believe that a better assessment cf the dose 
required to cause permanent regression 
of a given proportion of irradiated tumors 
Is obtained from the two experiments in 
which the tumors were grown in mice which 
had been exposed to total body irradiation 
to eliminate any possible residual im- 
munologic reaction of the host azainst the 
tumor. The results of these experiments 
are recorded in Figure g as two points 
which are seen to straddle the curve com- 
puted for completely anoxic tumors. 

2. The investigations of Du Sault, Eyler 
and Dobben” are particularly valuable 
because they were conducted with sponta- 
neous tumors and because some groups of 
mice were breathing air and some oxvgen 
during irradiation of the tumor. 5pontane- 
ous breast tumors in C3H mice were used 
and exposed either to 400 r of roentgen rays 
dailv, or to 667 r three times a week. The 
data of Elkind and Sutton (Table 1) have 
been used to calculate the single exposure 
dose which would produce the same frac- 
tion of surviving cells as the frcctionated 
dose actually employed by Du Sault ez al. 
By this means it has been possible to pre- 
sent the experimental data of Du Sault eż 
al. in Figure то in the form of the observed 
percentage permanent regression plotted 
against the equivalent single exposure dose. 
Curves for the percentage permanent 
regression expected to result from a single 
exposure to aerobic and to anoxic tumors 
are shown Ьу the two full line curves. It will 
be seen (a) that the observed cure rate rises 
much more slowly with equivalent single 
exposure dose than that shown bv the com- 
puted curves and (b) that in all four groups 
of animals, exposed at two different dose 
levels and with two different fractionation 
schemes, the administration of oxvgen has 
improved the cure rate. In some croups the 
difference would not be statistically signifi- 
cant, but all four groups taker together 
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show a significant influence of the oxvgen 
administration. 

These experiments, therefore, provide 
direct evidence that, in spontaneous animal 
tumors, a proportion of cells which retain 
reproductive integritv are significantly 
hvpoxic from the radiobiologic standpoint. 

3. Wright and. Bewlev?* have irradiated 
transplants of breast tumors growing 1n 
C3H mice which were either breathing air or 
rendered totally anoxic bv nitrogen admin- 
istration during a short exposure to 8 теу. 
electrons. Mice recover from the 50 second 
period of nitrogen asphvxia required. for 
this form of irradiation without apparent 
harm. Tissue anoxia produced Ьу this form 
of nitrogen asphyxia had previously been 
shown to reduce the sensitivitv of the mice 
to delaved death following whole bodv 
irradiation by a factor of about 2.5. The 
spleen and thymus were also found to be 
protected to a similar extent. 

The series of observations on tumors 
irradiated under nitrogen asphyxia is not 
vet complete at all the dose levels tested. It 
is, however, clear on the basis of a provi- 
sional estimate that the dose necessary to 
achieve a given cure rate based on an eight- 
een month follow-up of the animals is not 
much, if at all, greater when the tissues 
are deliberately made anoxic than when 
irradiated while the animal 1s breathing air. 
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This is certainly true when the doses are 
such as to cause permanent regression of 80 
per cent or more of the tumors. For ex- 
ample, 9,000 rads resulted in permanent 


regression of g cut of 12 tumors when the 


animals were breathing air at the time of 


irradiation, and 18 out of 21 when the 
animals were under nitrogen asphyxia. The 
dose of 9,000 r of 8 теу. electrons required 
to cure I8 out of 21 anoxic tumors of the 
size used by Wright and Bewley is within a 
few per cent of the dose computed on the 
basis of the observations of Hewitt and 
Wilson” (Fig. 2, curve B) for CBA mouse 


leukemia cells exposed to a single dose of 


C o9? 


gamma rays. 


SUMMARY AND DISCUSSION 


In summary it may be said that, whereas 
the cells of a CBA mouse leukemia which 
have recentlv invaded the liver behave as if 
thev are radiobiologically fullv aerobic, 
those of human carcinoma of the bronchus, 
and breast, those of spontaneous breast 
tumors in C3H mice, of solid tumors in 


C3H mice, grown from isotransplants of 


breast tumors, and those of two solid fibro- 
sarcomas, the one grown from isotrans- 
plants on CBA mice and the other from 
isotransplants m an inbred strain of rat, 
as well as the Ehrlich tumors growing in 
hybrid mice employed in the earlier experi- 
ments of Scott * show a radiobiologic re- 
sponse to increased or decreased venous 
oxygen tension, which indicates that they 
comprise cell populations existing at widely 

varying oxygen tensions and containing a 
significant proportion of cells which are 
neerly anoxic. 

The thesis that the curability of some 
tumors is limited by the radioresistance of a 
proportion of hypoxic cells, which never- 
theless retain reproductive integrity, ap- 
pears to be well sustained by all the evi- 
dence at hand. The actual advantage 
gained by the administration of oxygen to 
an animal during irradiation has not so far 
exceeded a facror of 2 in dose. This factor 
was observed in experiments in which the 
doses employed were only large enough to 
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produce temporary regression. In principle, 
a larger gain would be expected when a high 
proportion of permanent regressions 15 
achieved bs the use of larger doses, since on 
theoretic g-ounds, supported by the work of 
Wright and Bewley already referred to, we 
would expect the required dose level to be 
set in such cases not by the average oxygen 
tension th-oughout the tumor but by the 
regions of minimum oxygen tension com- 
patible with subsequent proliferation. Fig- 
ures I and 2 suggest that a factor approach- 
ing 2.5 should be attainable. On the other 
hand, the maximum possible gain тау be 
less than that observed when changes in 
oxygen tension of short duration are made 
during the irradiation of cells growing in 
optimal metabolic conditions :f the be- 
havior of microorganisms and higher plant 
cells is taken as a guide. In microorganisms 
the ratio of the sensitivities of the same cell 
irradiated in oxygen and nitrogen mav take 
all values »etween 1.5 and 3.8, according to 
the tvpe aad level of ы de before and 
after irradiation.! This aspect of the de- 
pendence ef sensitivity on oxygen tension Is 
discussed more fully elsew here.!? It is not 
vet known to what extent metabolism may 
change the extreme sensitivity ratio of 
mammalizn cells. 

Another factor of importance in practical 
radiation therapy which has been deliber- 
ately omitted from this discussion is the 
fractionation of the total dose. Except in 
one case, the comparisons between theory 
and experiment have been based on animal 
tumors exposed to a single irradiation. In 
such cases the theoretic estimates depend 
more on the assumed D;; than on the extrap- 
olation number (Table 1). From the rather 
remarkable agreement which has been 
recorded, it would seem that the slopes of 
the experimental log survival curves for 
populations of single cells irradiated at a 
given oxvgen tension (Fig. 1 and 2) are a 
good approximation for a which are ap- 
propriate to cells of solid tumors despite the 
fact that in the solid tumors the most 
anoxic cells are probably metabolically 
abnormal. When the total dose is delivered 
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In, say, 18 fractions, each fractional dose is 
usually only about 200-400 r, amd corre- 
sponds to a point on, or not much below, 
the "shoulder" of the curves. It has been 
shown by Elkind and Sutton?? that under 
their culture conditions there is no interac- 
tion between the effects of two irradiations 
when these are separated by intervals 
greater than about twenty hours. In this 
case the theoretic estimates of the per- 
centage of cells which survive a large total 
dose depend at least as much on the extrap- 
olation number as on the assumed Ds. 
The fraction of cells which survive the total 
irradiation is equal to the simple product of 
the fractions which survive each separate 
exposure. Thus, if equal doses are c elivered 
at intervals greater than twenty heurs, the 
relation between log surviving fraction and 
dose will be a straight line through the 
origin but the slope of the line will be less 
than the D;; listed in Table 1 to aa extent 
which depends on the magnitude of the 
dose delivered in each fraction. As regards 
the influence of fractionation, the observa- 
tions of Elkind and Sutton agree well with 
those of Du Sault e al. and with clinicial 
observations.!! 

It is for future laboratory research to 
examine in detail the effects of metabolism 
and of fractionation on the extent to which 
oxygen controls the response of mammalian 
cells to irradiation. 

The agreement so far obtained between 
calculation and observation is quite sur- 
prising, considering the simplicity of the 
calculation. One might have expected that 
when a course of radiation therapy extends 
over a period of many weeks the h:stologic 
structure of the tumor would have changed, 
leading to a different metabolic s-atus of 
the irradiated tumor cells towards the end 
of the course. This, in turn, might lead to 
differences in. the aerobic and anaerobic 
sensitivities of the cells, both relatively and 
absolutely. The fact that the simple model 
Is satisfactory should encourage апа not 
restrain further investigation. In cnlv опе 
of the examples which have been cited (the 
solid fibrosarcoma of Hewitt and Wilson) 
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has the proportion of the cells which sur- 
vive the irradiation been directly measured. 

[т would be particularly important to 
determine whether the steepness of the 
curve which relates the percentage of per- 
manent regressions and the dose, when 
solid tumors are irradiated under total 
anoxia, 15 in approximate agreement with 
calculation. A positive answer to this ques- 
tion would make it virtually certain that 
the slow rise of cure rate with dose which is 
usuallv observed is attributable to the 
different degrees of tissue anoxia which 
exist in different tumors. 


British Empire Cancer Campaign Research Unit 
in Radiobiology 

Mount Vernon Hospital 

Northwood, Middlesex, England 
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f is stimulus provided bv the brilliant 
investigations of Gray and associ- 
ates”! demonstrating that breatl ing oxy- 
gen under increased tension increased the 
radiosensitivity of transplanted tı mors in 
mice without significantly increasing the 
sensitivity of normal tissues has resulted in 
efforts to utilize this principle in tae treat- 
ment of human cancer. 

The first of these attempts to а эреаг in 
the medical literature was the pre iminary 
report of Hultborn and Forssberg! in 1954, 
who irradiated cancer of the skin in 4 pa- 
tients during inhalation of тоо рег cent 
oxygen. They divided the tumors in half so 
that one portion could be treatec during 
oxygen inhalation while the other half, 
receiving the same dosage of radiation with- 
out the addition of oxvgen, could ict as a 
control. They made no attempt to quanti- 
tate results but stated that in all imstances 
the radiation effect, as determinec bv the 
severitv of the radiation reactior in the 
tumor and rate of healing, was sign ficantlv 
greater in the portion treated durmg oxy- 
gen inhalation. Thev also noted that there 
was no appreciable increase in the radiation 
reaction of the adjacent normal skim. 

In 1957, von Saal and Dalicho"? pub- 
lished their experience in combining oxygen 
with irradiation in the treatment of skin 
cancer. Because of the poor vascularity of 
many neoplasms, they felt that tae local 
administration of oxygen was prete-able to 
inhalation. Therefore, they injectel 20 to 
бо cc. of oxygen subcutaneously, ов, in the 
cases of ulcerated tumors, directed г stream 
of oxygen on the ulcerated surface during 


the period of irradiation. Thev stated that 
in their experience with 32 patients with 
epidermoid or basal cell carcinoma of the 
skin, only 50 per cent of the radiation dose 
was required, as compared to a control 
series of 112 patients with similar skin 
tumors irradiated without oxvgen. In view 
of considerable variations in total doses and 
the over-all treatment times, it is difficult 
to interpret their data, although it does 
suggest that an increase in the radiosensi- 
tivitv of the tumor mav have occurred. 

The largest clinical trial was initiated 
in 1954 by Churchill-Davidson, Sanger 
and Thomlinson at St. Thomas’ Hospital, 
London, England.?^**!*'5 Their original 
technique consisted of applving radiation 
therapv to patients breathing 100 per cent 
oxygen at 3atmospheresot pressureina pres- 
sure chamber. Using orthovoltage equip- 
ment, a tumor dose of 2,000 r was given in 
two treatments in an over-all period of 
eight davs. Later, cobalt teletherapy was 
used and the dosage changed to approxi- 
matelv 3,000 r delivered in 3 treatments in 
fifteen davs, and currentlv a tumor dose of 
4,500 r delivered in 6 treatments in nineteen 
days 15 being used.* Patients selected for 
this procedure were those who were con- 
sidered to have little, if anv, chance of cure 
bv conventional radiation therapv. А total 
of 74 patients with malignancies of the 
lung, head and neck, bladder, esopha- 
gus, brain, uterus and bone had been 
treated as of July, 1959.* Sixteen patients 
were alive without evidence of disease, 10 
surviving from twenty-four to forty-six 
months. In a small control series of 15 


* From the Department of Radiology and Departm ‘nt of Anesthesia, College of Physicians and Surgeons, Columbia University, and 
Presbyterian Hospital, New York, New York. Preserved at the Forty-second Annual Meeting of the American Radium Society, San 
Juan, Puerto Rico, March 17-19, 1960. Part of the S«mposium on "Interrelationships of Recent Advances in Radiobiology and Radi- 


ation Therapy." Supported by U. S. 


Public Health Service Grant С-4 502, 
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patients who were treated with the same 
total dose and over-all time without the 
addition of oxy zen, there were only 3 short 
term survivors, all with evidence of residual 
disease (Table 1). 

Emery, Lucas and Williams,’ at Uni- 
versity College Hospital in London, have 
recently described their method of irradiat- 
ing patients m a double lucite cylindrical 
chamber contaming 100 per cent oxygen at 
2 atmospheres of pressure. They claim that 
the use of a lower pressure, transparent 
chamber, and a slow, constant rate of 
pressure change has eliminated the need for 
anesthesia and permits conventional dosage 
fractionation. They have been treating 
patients with carcinoma of the lung since 
January, 1959, but have not presented any 
statistical data as yet. 

In view of tie sound experimental data 
and the promising, although preliminary, 
clinical results with combined oxygen and 
radiation theripy, it was thought that 
additional investigation and experience 
with this techrique were desirable. Such a 
program has been initiated at Columbia- 
Presbyterian Medical Center, New York 
City, and the problems involved in the de- 
sign of this program will be discussed. 


SELECTION OF OPTIMUM PRESSURE 


Gray et al,’ using the Ehrlich mouse 
tumor growing in the solid form, found a О 
per cent mcrease in sensitivity using oxvgen 
at I atmosphere provided the tumors were 
small. Imcreasng the tension of oxygen 
from 1 to 3 atmosphere pressure seemed 
to improve the response of medium sized 
tumors. According to Scott,'® this may be 
due to a slower circulation in the larger 
tumors as suggested by his studies on the 
absorption of nembutal. For this reason it 
seems likely that increased radiosensitivity 
will be obtained in some tumors only with 
oxygen pressures higher than 1 atmosphere. 
Churchill-Davidson et al? originally se- 
lected 3 atmospheres of pressure because 
physiologic studies on man had been done 
at this level and at the time it seemed to be 
as high a pressure as could be used within 
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TABLE | 


HIGH PRESSURE OXYGEN RADIATION THERAPY 
(CHURCHILL-DAVIDSONI—]ULY, 1959) 








Тогай Patients Treated 74. 
Total Patients Surviving 21 
Totad Patients Surviving with 

Local Recurrence 5 
Тогай Patients Surviving without 

Lccal Recurrence 16 
Dead without Local Recurrence 12 


sate limits. Their more recent experience 
with 31 patients subjected to 4 atmospheres 
of pressure without complication led to our 
decisior also to employ this pressure level. 


DESIGN OF PRESSURE CHAMBER 


The chamber had to be designed to with- 
stand working pressures of up to $5 pounds 
per square inch gauge pressure. A chamber 
made of a transparent material such as 
lucite would facilitate observation of the 
patient and proper alignment of the 
roentgen-ray beam, but we were advised 
that this material would not tolerate such 
pressure unless of inconvenient thickness. 
The doukle plastic chamber used by Emery 
et al.’ will only withstand 15 pounds gauge 
pressure, and a stronger one 15 not vet avail- 
able. Thus, metal was chosen, and the tank 
was constructed of 3/8 inch steel.* 

The use of windows for beam direc- 
tion, as 11 the St. Thomas’ Hospital tank, 
was abindoned because of the restrictions 
this imposes on the site and size of the 
treatment portals. Since 22 mev. roentgen 
ravs generated by a betatron were to be 
used, anc these are attenuated only то per 
cent bv 3/8 inch steel, it was decided to 
treat through the steel and devise a means 
of localization without windows. 

The desirability of avoiding an excessive 
target sk n distance with its resultant low- 
ered output suggested a rectangular tank 
as Idea , but a cvlinder was eventually used 
because of ease and economv of construc- 
tion and greater strength. Vertical motion 
of the stretcher inside the tank is used to 


* Constructed Ьу Emerson Co., Boston, Mass. 
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Fic. 1. Side view of the pressure tank constructed of 


3 inch steel. The tank rests on an adjustable treat- 
ment table that permits motion in two cirections. 
The betatron treatment portal is above the tank, 
although it 1s not in treatment position. 


bring the skin closer to the tank wa l. Since 
secondary electrons emitted by stee! during 
irradiation with roentgen rays of the en- 
ergy level being used have a range of ap- 
proximately 12 cm., it is necessary to main- 
tain this minimum distance between the 
tank wall and the skin in order to avoid a 
high skin dose. 

The appearance of the completed tank is 
that of a steel cylinder 8 feet long and 29 
inches in diameter (Fig. 1). There are circu- 
lar glass observation ports on borh ends 
and one end is hinged to permit access to 





Fic. 2. Interior view of the chamber showinz the ob- 
servation windows, hinged end, treatment stretcher 
on rails, and the hand crank for elevating the 
treatment stretcher. The cable contains electrical 
leads for monitoring the patient. 
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Fic. 3. The localization device attached to the treat- 
ment stretcher indicates the treatment site on the 
tank exterior when the stretcher is rolled into posi- 
tion inside of the tank. 


the interior. Inside is a wheeled stretcher on 
tracks with a device that permits the 
stretcher to move vertically (Fig. 2). The 
tracks may be aligned with similar tracks 
on a wheeled cart which allows the patient 
to be easily transported. In addition, there 
are oxygen inlet manifolds, two exhaust 
valves, an opening for electrical leads, and a 
pressure gauge. 

Localization of the treatment areas 15 
effected by means of a long pointer fixed on 
the stretcher (Fig. 3). This is positioned 
visually and, when the stretcher is rolled 
into the tank, indicates a point on the out- 
side of the tank with which the treatment 
cone can be aligned. The positioning can 
then be checked roentgenographically with 
the therapy beam while the patient is in the 
tank by exposing a film on the outside of 
the tank. н 

PREPARATION OF THE PATIENT 

The phvsiologic effects of high oxygen 
tension and the technique of anesthesia 
have alreadv been described. Briefly, the 
onlv effects of importance are possible 
damage to the ears following the barometric 
pressure changes, and oxygen convulsions. 
Myringotomy and general anesthesia over- 
come these dangers and no complications 
from anesthesia or compression were noted 
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in 74 patients created by this technique at 
St. Thomas’ Hospital. 

The patients are anesthetized with so- 
dium pentobaroital intravenously following 
premedication with demerol, thorazine, and 
atropine, and "urther doses of these drugs 
are given just prior to compression. An 
endotracheal tube is passed and the patient 
is allowed to breathe spontaneously from 
the chamber a-mosphere. 

Monitoring of the patient within the 
chamber during treatment is carried out bv 
displaying anc recording the electrocardio- 
gram, temperiture of the skin and tank 
atmosphere, ¿nd systolic blood pressure 
and closed circuit television. The patient's 
respiratory seunds are picked up by a 
microphone a-tached to the endotracheal 
tube adaptor ¿nd are heard through a loud- 
speaker in the control room. 

The original technique included electro- 
myographic m onitoring of the upper lip to 
detect the onset of convulsions, but this is 
now considered superfluous. Owing to the 
relatively short treatment time, it is not 
necessary to -ake steps to absorb exhaled 
СО», as concentrations do not reach т 
per cent. 

Compressicn is carried out over a period 
of ten minutes after flushing the tank with 
oxygen to a minimal concentration of 95 
per cent as measured by a Beckman oxvgen 
analyzer. Decompression occupies roughly 
the same period. 


E*PERIMENTAL PLAN 


The goals 10ped to be achieved by this 
clinical exper ment are the following: 

I. To determine the practicality of this 
technique fcr routine clinical radiation 
therapy. 

2. To attempt to determine whether the 
administraticn of oxygen does increase the 
radiosensitiv ty of human cancer. 


3. To determine whether the use of 


oxygen may significantly improve the sur- 
vival rate ol tained by treating malignant 
disease with radiation therapy. 

The pitfalls and difficulties involved in 
testing the efficacy of a therapeutic method 
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in human cancer have been pointed out by 
many. The major problems are obtaining 
suffhicieat patients for statistical validity, 
emploving a method for selection of pa- 
tients that will avoid bias, and setting up 
proper controls. The latter is a particularly 
dithcult problem in this instance because a 
number of variables have been introduced 
that could influence the tumor response; 
namelv, inhalation of high pressure oxvgen 
during treatment, use of anesthesia, and a 
radical change in the radiation dose, frac- 
попагюп, and over-all treatment time. 

The use of anesthesia is probably the 
least 1mportant of the three, although it 
could alter radiosensitivity by influencing 
regional blood flow. This possibility should 
be investigated. Franks eż a/.8 have shown 
that although chloral or avertin alone im- 
proved the cure rate of S-37 mouse sar- 
coma, sodium pentobarbital had no demon- 
strable effect. 

It is well known that alteration in the 
dose, ractionation and over-all time treat- 
ment will influence the radiation response, 
although precise quantitative data are not 
available for human cancer. Recently, 
several reports have appeared purporting 
to show that palliative results can be ob- 
tainec with intensive irradiation during a 
short over-all treatment period. Cochran, 
Holtz and Powers’ developed a technique 
for the treatment of advanced breast cancer 
with the betatron consisting of deliver- 
ing a tumor dose of 2,500 г in two days. 
This was well tolerated and good palliation 
was cbtained in a small group of patients. 
Rubenfeld and Kaplan? reported good 
palliative results in lung cancer using a time 
dose schedule of 3,000 r in two weeks. On 
the other hand, Churchill-Davidson,! treat- 
Ing a group of 13 patients with advanced 
head and neck cancer with 2,500 to 3,200 r 
in fifteen days with telecobalt, found that, 
despite a good initial response in 6 patients, 
recurrent or persistent cancer developed 
in all. 

In order to obtain some personal experi- 
ence with intensive, short irradiation, 22 
patients were treated with a tumor dose of 
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2,500 r given in two treatments In ; n over- 
all time of eight davs. This was vell tol- 
erated; there were no untoward rcactions 
and the immediate tumor resporse was 
satisfactorv. 

Although oxygen does not seem ^ alter 
significantly the radiosensitivity of well 
oxygenated normal tissues, it does have 
some effect on bone and cartilage where 
there is a less abundant blood :upply. 
Howard-Flanders and Wright!? have dem- 
onstrated in the growing bone in the tails of 
mice that the radiosensitivity incre: sed bv 
à factor of 1.3 when the mice respired тоо 
per cent oxygen at I atmosphere nstead 
of air. Churchill-Davidson? noted the occur- 
rence of radionecrosis of bone and cortilage 
in 7 of 44 patients treated with orthovolt- 
age equipment. This occurred in only one of 
31 patients treated bv telecobalt. Thus it 
seems preferable to utilize supervoltage 
roentgen rays in combined oxygen ind ra- 
diation therapy. 

The need for general anesthesia aid the 
time and effort required for patient »repa- 
ration and treatment make the use of con- 
ventional radiation therapy time dose plans 
impractical. It was also felt that a redaction 
in the fractionation would necessi ate a 
control group treated similarly except for 
the omission of high pressure oxyge1. Ac- 
cording to the time-dose relatioaships 
published by Andrews and Moody,’ the 
utilization of 2,000 r in eight days assumes 
that radiosensitivity will be increased bv а 
factor of 2. Although the magnitude of the 
oxygen effect for Ehrlich ascites tumcr cells 
has been shown to be greater than th s,° we 
do not know whether this will hold trie for 
advanced human cancer. Moreover, the 
need for a control group seemed to preclude 
a dose that would result in inadequate 
treatment. Therefore, a therapy schedule of 
4,000 г delivered in 4 treatments in twenty- 
one davs has been adopted.* 

Patients accepted for treatment will be 
those without known distant metastases 

* As a result of preliminary trials with varying time-dese sched- 
ules, we have currently adopted a treatment plan consiszing of a 


tumor dose of 2,200 r delivered in two treatments in an over-all 
time of eight davs. 
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but who, owing to local extent of disease, 
have a poor prognosis with conventional 
radiation therapy. Tumors most apt to fall 
into this category are pelvic carcinomas 
arising from the uterus, bladder or rectum, 
intrathoracic malignancies of lung and 
esophagus, carcinomas of the head and 
neck, and brain tumors. Assignment to a 
treatment or control group will be made by 
using random sampling numbers rather 
than alternation so that the allocation will 
not be known to the radiotherapist until 
after the patient is accepted for inclusion in 
the controlled study. Ап attempt will be 
made to ensure equivalence of the treated 
and control groups bv subdividing accord- 
ing to site and extent of disease. 

It is important to emphasize that an 
increase in the radiosensitivitv of a tumor 
will occur onlv if there are tumor cells that 
are growing at decreased oxvgen tension; 
otherwise, no improvement can be theoreti- 
cally expected. Partially anoxic cells may 
account for only a small fraction of the 
mass of a tumor so that gross disappearance 
of the tumor or rate of regression may not 
correlate with the effect of oxygen. Thus it 
seems that the best criterion for evaluating 
the effects of treatment is survival, even 
though local extermination o* the cancer 
mav be obscured bv death as a result of 
distant metastases. 


SUMMARY 


The combined high-pressure oxygen radi- 
ation therapy project recently initiated at 
the Columbia-Presbyterian Medical Center 
has been described and some of the prob- 
lems involved in the design of this clinical 
investigative program have been discussed. 


William B. Seaman, M.D. 
Department of Radiology 
Columbia University and Presbyterian Hospital 


New York, New York 
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POSSIBLE ROLE OF POTENTIATORS IN 
RADIATION THERAPY* 


By MAITOLM A. BAGSHAW, M.D. 


-TANFORD, CALIFORNIA 


T role of oxygen in the bioləgic ac- 
Ё tion of ionizing radiation h:s been 
clearly described by Dr. L. Н. Græv. This 
demonstration of one means of enaancing 
the lethal effects of roentgen ravs has re- 
vitalized the search for other methods. 
While oxygen apparently promotes 2 more 
efhcient transfer of energy from th- ioniz- 
ing radiation to the biologic materia , other 
agents may independently increase the 
biologic effect either by increasizg the 
sensitivity of the final target, or by mhibit- 
ing the repair of the induced change. These 
processes are by no means mutually exclu- 
sive, but in fact may be complementary. 
Since the pertinent literature has been 
recently reviewed by Bane ef al’ nd by 
Mitchell,” I wish to limit my remarks to 
the studies which have influenced the 
direction of our own research. Duriag the 
past two decades, physicists have devel- 
oped a number of devices which pern it the 
delivery of tolerable doses of radiaton to 
any target within the patient with rclative 
ease and accuracy. In addition, refined 
methods of dosimetry permit careful treat- 
ment planning for each patient as a reutine 
procedure. It seems logical to sugges- that 
the next step in increasing the curabi itv of 
tumors may depend upon the modification 
of the neoplastic cells so that they are 2asier 
to kill. 

In spite of the considerable activ ty of 
biochemists and chemotherapists Giring 
the past decade, few of their accom Dlish- 
ments have filtered through to the кайо- 
therapists. The radiotherapist, developing 
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his art largely Ьу empirical methods, has 
contributed greatly to the cure or palliation 
of patients with neoplastic disease. He 
understandably has been reluctant to 
modify his procedure when he has learned 
through painful experience how much to 
expect in terms of cure from his own meth- 
ods. He has shied away from complicating 
his own more or less predictable results 
with unknown factors. 

Although the chemotherapists have not 
uncovered a cure for cancer, the extensive 
biochemical spade-work conducted in the 
search for chemotherapeutic agents has 
provided new understanding of the essen- 
tial role of DNA synthesis in cellular repro- 
duction. The intermediate metabolism of 
the synthesis of DNA and its precursors has 
been clarified. This new insight into the 
metabolic pathways of DNA provided a 
blueprint for understanding the mechanism 
of action of the first antimetabolites, 
aminopterin and amethopterin. Taking 
advantage of the suggestion that uracil was 
utilized for nucleic acid synthesis in tumors, 
Heidelberger e al." created a new class of 
cytotoxic agents, the fluorinated pvrimi- 
dines. This work seems of particular impor- 
tance because the cytotoxic properties of 
these compounds were predicted on the 
basis of knowledge gained in the study of 
DNA metabolism. Since antimetabolites of 
this туре exert their cytotoxic properties by 
blocking synthesis of DNA, they are more 
etfective in tissues, either normal or neo- 
plastic, in which the rate of DNA turnover 
is high. In addition, it has been demon- 


resented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. Part 


of the Symposium on “Interrelationships of Recent Advances in Radiobiology and Radiation Therapy." 
The original work described in this paper was supported by Grant CY-4:42, Public Health Service, National Institutes of Health. 
The following abbreviations are used: DNA, deoxynucle c acid; FU, s-fluorouracil; FUDR, s-fluorodeoxyuridine; BU, z-bromouraci!; 
BUDR, ¢-bromodeoxyuridine; IUDR, s-iododeoxyurid: e; TEM, triethylenemelamine; DON, 6 diazo-5-oxo-L-norleucine; 6-MP, 


6-mercaptopurine. 


The DON and Azaserine were provided through Parke Davis & Company, Detroit, Michigan. 
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strated that some tumor cells lack a means 
of catabolizing some of the uracil analogues, 
thereby preventing the cells from eliminat- 
ing the poison.? Both of these mechanisms 
provide a basis ror the differential enhance- 
ment of radiation effects within tumor cells 
as opposed to normal cells. 

[t seems that the radiobiologists and the 
biochemists working in the field of chemo- 
therapy have been moving toward a com- 
mon ground. For example, the radiobiolo- 
gists have developed methods for compar- 
ing nucleic acid metabolism in irradiated 
and nonirradiated cells. Relatively simple 
quantitative techniques for the determina- 
tion of the survival of bacteria following 
irradiation have been developed." Puck 
and Marcus* have demonstrated that 
single mammalian cells may be plated in 
Petri dishes and their survival assayed 
after a few days of incubation by simply 
counting the number of macroscopic colo- 
nies. In addition, inbred strains of mice are 
available in which the incidence of spon- 
taneous tumors is high enough to supply a 
constant source of experimental material. 
The techniques of irradiating tumors in 
these animals have been refined by Kall- 
man and von Essen!* in our laboratory. 
Thus, а host of biologic parameters are 
available which may be useful in determin- 
ing the role of chemical agents as potentia- 
tors. 

Previous experiments in the evaluation 
of cytotoxic agents as potentiators have 
largely depended upon evaluation of the 
response of transplanted mouse tumors to 
the chemical agent, to irradiation, or to a 
combination of the two. The end point in 
such experiments usually has been defined 
by charting the change in growth rate of the 
tumor transplants. Few investigators have 
selected persistent cure of the animal as an 
index of the response. Although the avail- 
ability of transplanted tumors and their 
ease of handling are obviously advanta- 
geous, studies of this sort are handicapped 
bv the possibility of latent immunologic 
differences between the transplanted tum- 
ors and their hosts. This objection may be 
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overcorae bv the utilization of spontaneous 
tumors as advocated by Kallman. Such 
experiments require a large investment in 
time, anl in numbers of experimental 
animals. 

Nevertheless, using selected doses of ir- 
radiation and transplanted tumors in mice, 
Carpender and Lanier’ seemingly demon- 
strated -hat guanazolo potentiated the 
effect cf roentgen radiation. Whitehead and 
Lanier showed a supplementary effect 
with a halogenated urathan and Tar- 
nowsk:'s group” confirmed the potentiating 
effect of TEM. Martin, Kligerman and 
Fugm:nnm? went one step further and 
demonst-ated potentiation with a combi- 
nation o antimetabolites which when used 
singly dil not significantly supplement the 
effect of irradiation. 


EXPERIMENTS 


It seemed to us that tissue culture tech- 
niques provided an ideal method for sur- 
veying the properties of a number of 
compcunds with regard to their potentiat- 
ing effect.? The survival of individual cells 
after treatment may be assessed by the 
single cell technique of Puck and Marcus.” 
In our experiments a subline of HeLa cells 
originally isolated by Gey ef a/.? from a 
human squamous cell carcinoma of the 
cervix was used. The cells were farmed in 
serum bottles in which they grew as a 
mono aver attached to the glass. They were 
freed from the glass by gentle trypsiniza- 
tion iux] re-dispersed as a monocellular 
suspeas on in Puck growth medium, which 
contains a mixture of amino acids, salts, 
vitamins, penicillin, streptomycin, 20 per 
cent aman serum and то per cent horse 
serum. By appropriate dilution of a prede- 
termined number of suspended single cells 
replicate Petri dishes were prepared. The 
cells were subjected to treatment by chemi- 
cals, rradiation, or both, and incubated for 
from n ne to fifteen days. The survivors 
were scored bv counting the macroscopic 
clones. It was possible to assess the abilitv 
of eazh cell to maintain continuous prolif- 
eration. A series of Petri dishes, each of 
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300 r 


50 r 


600 r 


lic. 1. Appearance of clones following varving doses of roentgen radiation, Twenty-four hours prior to 
irradiation, 200 cells were plated in each c ish. After incubation for eleven days, the clones were fixed with 
10 per cent formalin and stained with Giemsa. (See Fig. 2 for treatment factors.) 


which contains macroscopic clones fixed 
and stained nine days after 200 cellsYper 
dish were plated, is illustrated (Fig. 1). 
Twenty-four hours following platirg, the 
dishes were irradiated with varying doses of 
roentgen ravs. А survival curve constructed 
from a similar experiment is presented (Fig. 
2). The experiment in this case differed 
slightly from the demonstration of the 
actual clones in that the number of cells per 
dish was increased in those dishes receiving 
higher amounts of irradiation in order to 
obtain a more reliable clone count it the 
higher doses. For instance, in this experi- 
ment the dishes receiving 600 and 675 r 
were plated with 10° cells each. Except for 
the initial shoulder, the curve represents a 
straight line over the doses investizated. 
Except for a slight change in slope, the 
characteristics of this curve are in substan- 


tial agreement with those reported by Puck 
and Marcus.?* 

In the initial experiments, the potentiat- 
ing effect of azaserine and DON was as- 
sessed by the per cent clone survival of 
HeLa cells after treatment by a single dose 
of roentgen ravs and a single concentration 
of the respective drug in the medium (Table 
I). А slight potentiation was suggested for 
each of these drugs by the preliminary ex- 
periments. In the consideration of 5-#иого- 
uracil, however, the experiments were 

* The HeLa cells used for these experiments were designated 
S;Bl, and were subcloned from a stock culture, S3B, purchased 
from Microbiological Associates, Bethesda, Maryland. The roent- 
gen-ray doses reported were measured in air on the surface of a 
masonite block 14 cm. thick with a Victoreen r-meter. The probe 
was placed in the relative position of the dishes beneath a glass 
Petri dish cover. No rigorous evaluation of the intimate dosime- 
try of the cells fixed to the glass has been undertaken. In these 
experiments the controls and experimentals were treated alike 


and therefore the dosimetry factors are controlled with each 
experiment. 
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expanded to melude the comparison. of 
more elaborate radiation survival curves 
determined. for cells subjected to varving 
concentrations of the drug. À complete 
experiment for the evaluation of s-fluoro- 
uracil is described. 

Replicate Petri dishes were seeded with 
200 HeLa cells each and FU was added to 
the medium twenty-four hours after plating 
in concentrations varying from то—®% molar 
through 2.5 Хто molar in order to deter- 
mine the survival of the cells under the 
influence of FU alone (Fig. 3 and 4). From 
these data, two concentrations of drug were 
selected tor further investigation in combi- 
nation with irradiation. Thus at а concen- 
tration of 1.56 хто M FU, go per cent of 
the cells were expected to survive the drug 
treatment alone, whereas at a concentra- 
tion of 6.25 Хто M FU, бо per cent were 
expected to survive the drug treatment 
alone. Three series of Petri dishes were 
plated with concentrations of cells ranging 
trom 250 cells per dish for the untreated 
controls to 5x10? cells per dish in those 
receiving the most irradiation. The dishes 
were incubated for twenty-four hours to 
permit attachment of the cells to the glass. 
After twenty-four hours no drug was added 
to the control series; sufficient drug to per- 
mit a concentration оЁт.56 Хто M FU in 
the 6 md. of medium was added to the 
second series; and sufficient FU to permit a 
concentration of 6.25 Хто M was added 
to the third. Three hours later the dishes 
were irradiated with increments of 75 г 
from o r through боо r. Each point was 
determined Ьу the average of two dishes. 
The medium was not changed during a 
twelve dav period of incubation and at 
twelve davs the medium was discarded and 
the clones fixed and stained. The survival 
curves, the slopes and the slope ratios are 
illustrated in Figure 5. A series of Petri 
dishes which corresponds to the 375 r points 
is illustrated in Figure 6. The slopes were 
compared by #test and the difference in 
slope berween the untreated controls and 
the cells subjected to a concentration of 
1.56Х1с° M FU was highly significant 


Potentiators in Radiation T'aerapy 


e 
to 
A 











Survival $3814 Clones After X-Rau 
100 rea, 
— е, 
kK 
10 - O -i 
б [ | 
m + F 
> — = 
L | 
A [Г z 
4 
C of = 
Ф 
o 
8 L- — 
d | x 





150 300 
Roentgens 


450 600 (50 


тс. 2. Survival curve based on clone counts after 
irradiation, Conditions as illustrated in Figure 1 
except the initial cell population varied from 200 
cells per dish for the untreated control to то? cells 
per dish in dishes receiving 675 т. Each point repre- 
sents the average of two replicate dishes. Treat- 
ment factors: Petri dishes irradiated through glass 
covers, 250 kvp., 15 ma., 5o cm. distance, HVL 
г.г mm. Cu, 135 r/min. measured with full back- 
scatter. 


(Р <.от). It may be concluded that the 
cells irradiated in an environment contain- 
ing 1.56 107^ M FU were 1.4 times more 
sensitive to the irradiation between 225 and 
боо r, the straight line portion of the curve. 
While the slope ratio between the cells 
treated zt 6.25X 10-5 M FU and the con- 
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TABLE I 


SURVIVAL OF CLONES 








Treatmen й 
reatment 3X107 M 


| Alone 








Survival of clones ex- 82 7]. 
pressed as per cent of un- 
treated control 





trols 1s higher, the standard error was 
greater, and a significant difference was not 
evident bv the 7-test. 


DISCUSSION OF EXPERIMENTS 


Bases,’ working independently and using 
a nearly identical approach, has demon- 
strated a potentiation of the effect of irradi- 
ation on HeLa cells by actinomycin D. His 
experiments with 6-MP failed to suggest a 
supplementary effect.* 
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Some of the biosynthetic pathways of 
DNA metabolism which тау be inter- 
rupted by blockade with antimetabolites 
are diagrammatically summarized in Figure 
7. Metabolic products of FU or FUDR 
prevent the utilization of uracil in the 
synthesis of thymine, a necessary constitu- 
ent of DNA. This is accomplished by the 
substitution of fluorine for a hydrogen 
atom in the § position of the pyrimidine 
ring. The methylation reaction is therebv 
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Fic. 3. The appearance of clones after treatment by different concentrations of s-fluorouracil. FU in the 
concentrations indicated was added to each dish twenty-four hours after the plating of 200 cells per dish. 
The dishes were incubated for twelve davs, fixed and stained. 
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lic. 4. Survival curve based on dishes illustrated in 
Figure 3, after treatment by different concentra- 
tions of c-fluorouracil. 


interrupted. According to Chaudhuri е 
al. the blockade prevents the conversion 
of *2’-deoxyur dine-s’phosphate to thymi- 
dine-5’-phosphate. After treatment by FU, 
changes are ncted in cells reminiscent of the 
“thymine-less death” described by Cohen 
and Barner’ сог Ё. coli. In thymine de- 
ficiency the DNA metabolism is blocked, 
cells are unable to divide, yet RNA and 
protein metabolisms continue. The cells 
become giants morphologically similar to 
those seen after irradiation alone. 
Methylation reactions also тау be 
blocked by depriving the cell of the avail- 
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Fic. 5. Survival of clones after varying doses of 
roentger radiation compared to the survival of 
clones after identical irradiation plus chronic ex- 
posure to FU. (See Fig. 2 for treatment factors.) 
Slope of untreated controls (1), 0.93; slope of cells 
treated with 1.561076 M FU (2), 1.34; slope of 
cells treated with 6.2510 M FU (3), 2.08. 
Slope ratio of GG m Tas 


ability of т carbon units, the so-called 
formate pool. Since folic acid is essential as 
a tormate donor, such reactions are pre- 
vented by the folic acid analogues, aminop- 
terin and amethopterin." 

Cells are also capable of synthesizing the 
purine bases from smaller building blocks, 
the de navo synthetic pathway. These reac- 
tions depend upon the transfer of 1 nitrogen 
amino g-oups and this may be blocked by 
azaserine and DON.” Similarly, DON 
appears to interfere with a reaction which 
leads from a uracil metabolite to a cytosine 
metabol te.” 

The purine analogues such as 6-mercap- 
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375r + FU 


116. 6. Photograph of Petri dishes represented by the points at 375 r in Figure ¢ 
Upper left, survival of untreated controls (200 cells plated); upper right, survival 


after treatment with 6.25 107^ 


M FU (200 cells plated); /ower left, survival 


after 375 r (1,000 cells plated); Jower right, survival after 375 r plus 6.25 X 1079 


M FU (1,000 cells plated). 


topurine may block the de novo synthesis of 
adenine and guanine, purines essential for 
the synthesis of DNA. 

Because the spacial configuration of the 
bromine atom closely resembles that of the 
methyl group, bromine may be substituted 
in the 5 position and actually incorporated 
into the DNA molecule as 5-bromouracil, 
replacing thymine.!! Thus it is possible to 
trick the cell into synthesizing fraudulent 
DNA. Working with bacteriophage, Benzer 
and Freese? have demonstrated that muta- 
tions produced by the incorporation of 
bromouracil into the phage occur with 


increased frequency at specific loci, suggest- 
ing that concentrations of bromine are 
increased at specific points in the DNA 
molecule. It has been suggested that the 
structural integrity of the DNA mclecule is 
thereby compromised and that this might 
lead to an increased friability during 
roentgen irradiation. In preliminary experi- 
ments utilizing a clone technique similar to 
that described above, Szybalski™ has noted 
a considerable increase in the sensitivity of 
cells to ultraviolet irradiation as well as an 
increase 1n the sensitivity of cells to roent- 
gen irradiation after preliminary treatment 
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Lic. 7. Some mechanisms of action on DNA of various chemical agents are 
illustrated. See text for more detailed description. 


with BUDR. The alkylating agents appar- 
ently affect. the nucleoprotein molecule 
directly by binding strands of the nucleo- 
protein to each other by the activity of the 
chloroethylamine side arms. This reaction 
is known as cross linking and has been 
demonstrated by electron microscope pho- 
tographs.! 


CLINICAL EVIDENCE FOR POTENTIATION 


A notable exception to the dearth of 
positive. clinical evidence in support of 
chemotherapeutic potentiation of irradia- 
ton is the study by Reese ef al.” on the 
treatment of retinoblastoma by roentgen 
rays and TEM. Retinoblastoma is a visible 
tumor, lying within a visible tumor bed, the 
damage to which can be assessed bv fundu- 
scopic observation and by the degree to 
which sight is retained. Most of the cases 
described by Reese e al. were not organized 
as a randomly selected forward study. 
Nevertheless. their recent results warrant 
careful consiceration. Although the 22 con- 
secutive controls were not contemporane- 
ous with the experimentals, the four vear 


cure rate in the controls with roentgen 
therapy alone (tumor doses ranging from 
6,500 to 9,200 г) was 64 per cent. The cure 
rate with vision intact was sc per cent. In 
1955 they reported the results of combined 
therapy with oral TEM plus 3,250 r tumor 
dose in 20 consecutive eves. The cure rate 
was 79 per cent, all with vision intact and 
no vitreous hemorrhages, retinal damage, 
or cataracts. These cases had been followed 
tor four years post therapy at the time of 
the most recent report. Subsequently, the 
results of 19 consecutive eyes were reported 
in which the treatment consisted of intra- 
muscular TEM plus 3,250 r. Seventeen (89 
per cent) of these have remained well in 
excess of fifteen months. Reese e al. ob- 
served recurrence bevond a six month 
period of observation in onlv 3 cases. In 
addition, 12 comparable eves with early 
disease were randomly selected for either 
roentzen therapy alone or roentgen therapy 
in combination with TEM. The roentgen- 
ray dose was 3,250 rin each group. Three of 
those treated by roentgen rays alone 
showed recurrence and required further 


treatment. None of those treated wrth com- 
bined therapy have had recurrences.” 

We have treated 11 eves with retino- 
blastoma, g without TEM, 3 in combina- 
tion with TEM (in one case the lesion re- 
curred after treatment with roentgen rays 
alone and was re-treated in combination 
with TEM). Those in which combination 
therapy was utilized appeared to respond 
more quickly than those treated with roent- 
gen rays alone. 

The potentiation of roentgen-rav effects 
by actinomycin D has been suggested by 
d'Angio, Farber and Maddock.!" Potentia- 
поп by s-Huorouracil was described bv 
Hall." In each instance, however, the 
clinical material consisted of a heterogenous 
group of uncontrolled neoplasms, usually 
advanced, and usually progressive m spite 
of therapy. Objective evaluation of the 
response to combined therapy under these 
circumstances is difficult. It seems clear 
that as far as measurable response is con- 
cerned, the skin reaction to irradiation is 
augmented by actinomycin D. This obser- 
vation was confirmed in our limited series 
by a patient who had irradiation at 6 mev. 
by the Stanford medical linear accelerator 
for a Wilms's tumor. No appreciable skin 
reaction occurred. Later the patient devel- 
oped hepatic metastases. Roentgen thera- 
ру, augmented with actinomvcin D, was 
instituted. She developed a brisk skin 
reaction at a dose comparable to that which 
had previouslv produced no reaction, to- 
gether with a flareup of reaction in the 
previously treated field. 

It seems unlikely that the indiscriminate 
use of potentiators in combination with 
roentgen therapy in patients with tar ad- 
vanced or so-called clinically radioresistant 
tumors will vield data capable of conelusive 
analysis. Our group of 15 patients treated 
with FU in combination with roentgen 
Irradiation may be taken as an example 
(Table 11). 

The cases selected for combined therapy 
were limited to patients either with far 
advanced disease or with neoplasms not 
controlled by a previous course of irradia- 
tion. In this group it was anticipated that 
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only a limited dose of irradiation would be 
tolerated and therefore any increase in its 
ettectiveness might be advantageous. These 
patients were extremely difficult їс manage 
because of their poor general condition and 
the toxic manifestations of the drug which 
were superimposed. 

The regenerating epithelium of the gas- 
trointestinal tract and the bone marrow 
were damaged by the drug. FU was admin- 
istered in divided doses of 15 mg./kg. up to 
a maximum of I gm. per day for tour and 
one-half davs. Occasionallv, a second course 
of the drug was administered after the 
elapse of one month. If toxic manifestations 
occurred at anv time, treatment with the 
drug was discontinued. 

The first sign of toxicity was usually a 
well defined patch of stomatitis on the inner 
surface of the lower lip. Anorexia was com- 
mon and leukopenia occurred in our series 
several davs after the loading dose. In 3 
cases with oral lesions, severe Staphylococ- 
cus aureus infections occurred in the mouth. 

The tumors regressed more rapidly than 
expected in 7 patients, whereas in 5 the 
observed response might have been antici- 
pated from irradiation alone. Table 11 indi- 
cates that 5 of the 15 patients treated with 
combined therapy have survived from nine 
to eighteen months following treatment. 
Patients No. 11, 12, 14, and 15 have no 
evidence of neoplasm in the region treated 
while patients No. тт, 14, and 15 have no 
evidence of neoplasm. Patient No. 2 de- 
veloped a 14X6 cm. lobulated density in 
the right upper lobe after a squamous car- 
cinoma of the tongue had been controlled 
by a radium implant. Although no biopsy 
of the pulmonary lesion was obtained, it re- 
gressed after combined therapy. At post- 
mortem examination no neoplasm was 
identified in the lungs. This small series is 
uncontrolled, and we are aware of the 
dangers of basing any conclusions on the 
so-called “anticipated response from radia- 
tion therapy alone." 

I would like to suggest a clinical study 
which mizht be more productive. Patients 
should be selected who have a type of neo- 
plastic disease with which there has been 
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Patient Diagnosis with Combined 6 mev. Stanford Medical FU Dose of therapy) 
Therapy Linear Accelerator р) 

1. L.N. Bronchia. carcinoma, poorly Mid-thorax тах. 6,500 rads/şo da. 7,900 mg. Died at 11 mo. with neoplasm 
differentmited min. 6,030 rads/ 50 da. 

>. H.A. Metastatic carcinoma of lung Mid-chest 4,680 rads /36 da 3,600 mg. Died at 4 mo. of multiple pul- 
‘unprovel), primary squa- monary abscesses and lobar 
mous cell carcinoma of pneumonia. No neoplasm in 
tongue tongue or chest was found at 

postmortem examination 

3. A.G. Carcinomaofnasopharynxre- Left antrum max. 6,000 rads 38da. 4,530 mg. Died at 7 mo. with tumor 
current г ег previous radia- min. §,000 rads/38 da. 
tion therapy, lymphoepithe- 
lioma 

4. J.B. Carcinoma metastatic to lung. Entire lungs; peri- 2,000 rads/2 da. 5,000 mg. Pulmonary metastases disap- 
From embryonal cell carci- aorticlymphnodes 2,600 гайз/4— da. peared but recurred in 4 mo. 
noma ard seminoma of left after therapy. Died at 12 mo. 
testis with neoplasm 

с. Н.А. Squamoas carcinoma of soft Lateral pharynx 3,300 rads/2¢ da. 6,000 mg. Patient exsanguinated before 
palate. Recurrent after pre- completion of therapy 
vious rontgen therapy 

6. H.A. Squamous cell carcinoma of Neck 4,200 rads/54 da. 4,000 mg. Died at 3 mo. with persistent 
buccal mucosa metastatic to neoplasm 
skin of neck after neck dis- 
section 

7. W.F. Squamous cell carcinoma of Lateral pharynx 2,700 rads 13 da. 3,500 mg. Died during therapy. Exten- 
tonsillar pillar persistent after sive pneumonia 
previous roentgen therapy 
8. HJ. Pulmonary metastases from Entire right lung — 2,000 rads /15 da. 3,750 mg. Metastases partially regressed. 
mixed tumor (parotid) Metastases in left lung also re- 
gressed after same roentgen- 
ray dose without FU. Died at 
4 mo. with diffuse pneumo- 
nitis and persistent neoplasm 
g. E.S.  Undiffe-entiated squamous  Mid-chest 3,600 rads/ 18 ea. 4,500 mg. Died with disease at 11 mo. 
cell careinoma of bronchus 

о. R.Y. Squamcus cell carcinoma of Mid-chest 3,100 rads /22 ва. 4,500 mg. Therapy discontinued due to 
esophagus down-hill course. Died with 

neoplasm at 2 mo. 

11. LU. Bronch а! carcinoma, squa- Mid-chest 5,600 rads/;1 da. 4,500 mg. Living without tumor at 18 
mous с 211 то. 

12. В.Н. Lymphoepithelioma of naso- Nasopharynx;cer- 4,300 rads/<o са. 5,501 mg. Мо neoplasm in regions treated, 
pharynx, metastases to neck vical lymph nodes 4,200 rads/a0 da. Living with pulmonary and 
lymph aodes, persistent after osseous metastases at 14 mo, 
previous radiation therapy 

13. LM. Squamous cell carcinoma of Base of tongue 3.900 rads 22 da. 4,750 mg. Terminal with probable pei- 
posterior tongue, recurrent sistent disease at 12 mo. 
after p-evious radiation ther- 
ару 

14. G.M. Poorly differentiated squa- Antrum and orbit 4,600 гайз/$1 da. 7,500 mg. Living at 11 mo. No objective 
mous сз! carcinoma of maxil- Left neck 3,850 rads;21 da. evidence of persistent carci- 
lary antrum, recurrent after Right neck 5,000 rads.45 da. noma 
previoas radiation therapy. 

Bilateral cervical adenopathy 
15. B.Z. Adenocarcinoma of right groin; Right groin 2,800 rads’24 da. 3,150 mg. Therapy discontinued due to 


intestinal obstruction. Living 
9 mo. without evidence of neo- 
plasm 
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considerable radiotherapeutic experience. 
The neoplasm should not be one in which a 
high cure rate with radiation therapy alone 
is expected. Nor should it be one in which 
the expected cure rate is exceedingly low. 
Patients with carcinoma of the cervix, 
Stage 111, or with carcinoma of the bladder 
might be considered in this category. The 
cases selected should be randomly segre- 
gated into two comparable groups, one for 
combined therapy and one for radiation 
therapy alone. Since any particular mstitu- 
tion might have relatively small numbers of 
candidates, a cooperative study designed 
according to a well organized protocol and 
conducted in several centers would provide 
a more rapid accumulation of clinical ma- 
terial. The assessment of long-term cure 
rates would be the most meaningtul end 
point. 


SUMMARY AND CONCLUSION 


It seems reasonable to conclude that in at 
least one tumor, retinoblastoma, a higher 
cure rate with less damage to the acjacent 
normal tissue was demonstrated when 
TEM was used in conjunction with roent- 
gen radiation. Numerous possibilities for 
the potentiation of roentgen-ray effects bv 
chemotherapeutic agents have been sug- 
gested. Among these, FU and actinomycin 
D appear to have limited usefulness. The 
mode of incorporation into DNA of other 
halogenated pyrimidine analogues such as 
BUDR and IUDR suggests that these 
compounds hold promise as potentiating 
agents. More pre-clinical investigation is 
indicated in order to select that combina- 
tion most likelv to succeed on a clinical 
level. In order to prove that the еЖсасу of 
roentgen therapy can be increased bv chem- 
ical potentiation, a long-term study of 
patients, carefullv selected as to neoplastic 
type, will be necessary. 
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TREATMENT OF BREAST CANCER BY RADICAL 
MASTECTOMY, POSTOPERATIVE ROENTGEN 
THERAPY, AND INTRAVENOUS 
RALIOPHOSPHORUS* 


HEMATOLOGIC 


"PERCIS 


By GLENN E. SHELINE, M.D.,f MALCOLM D. JONES, M.D.,t and Н. GLENN BELL, M.D.t 


SAN FRANCISCO, CALIFORNIA 


I^ JUNE, 1955, Bell and Low-3eer pro- 
posed a new approach to the tierapy of 
operable breast cancer.! Their me-hod con- 
sisted of radical mastectomy fol owed bv 
the administration of roentgen therapy and 
intravenous radiophosphorus. Tle use of 
radiophosphorus, suggested Ьу kennev as 
early as 1942,? was based on the fact that 
actively dividing cancer cells require phos- 
phorus, and on the observation that the 
ability of breast carcinoma tissue to differ- 
entially concentrate phosphorus may be as 
much as ten times that of normal non- 
hematopoietic tissue. The hope was that 
mastectomy would eradicate the local le- 
sion, that postoperative roentgen therapy 
would control the disease in regional lymph 
nodes, and that intravenous r: diophos- 
phorus would destrov floating caacer cells 
and prevent distant metastases [n the 
original report, Bell and Low-3eer de- 
scribed a series of 8 patients, Stages 11 and 
п, of whom 5 were alive and well tor eight 
to nine years. Later, Low-Beer ¿nd Bell! 
reported 75 of 81 more recently treated 
patients alive and well; the majority of 
this group, however, had been followed for 
less than three vears. 

The present authors, who hac worked 
with Low-Beer, continued the sti dv after 
his death in 1955. In February, 956, the 
use of radiophosphorus was discontinued 
until its efect on the bone marrow as well 
as on the breast carcinoma could »e evalu- 
ated. Through January, 1956, 111 patients 
with carcinoma of the breast received ra- 


diophosphorus as part of this program. 
Since these patients received fairly large 
doses of P? and had no known bone mar- 
row disorder, it is thought that their hema- 
tologic responses are of interest. The pres- 
ent report presents the hematologic data 
for these 1 11 patients. 


MATERIAL 


Most of the 111 patients were from the 
clinic or the private services of the Univer- 
sity of California Hospitals, San Francisco; 
4 (Stage 11) were referred by outside sur- 
geons after mastectomy. Seventy-two pa- 
tients operated on during this period were 
not referred for postoperative irradiation; 
however, the bias so introduced should 
influence the hematologic results only to 
the extent that a few patients were ex- 
cluded because of advanced age. Since the 
initial therapy consisted of mastectomy, 
few patients with advanced disease are 
included. 


STAGING 


The cases were staged according to the 
recommendations of the Committee. on 
Clinical Stage Classification апа Applied 
Statistics of the International Union 
Against Cancer. This svstem was selected 
because Zippen and Kohn have recently 
reviewed and restaged bv this classification 
all breast cancer cases treated in this hos- 
pital in the vears 1942 through 1956, thus 
permitting an intercomparison with other 
material from the same hospital. The stag- 


* From the University of California, School of \ edicine, San Francisco, California. Presented at the Sixty-first Annual Meeting 
of the American Roentgen Ray Society, Atlantic Cty, New Jersey, September 27-30, 1960. 


* Department of Radiology. 
t Department of Surgery. 
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ing is designated as follows: 
Stage 1. Tumor § cm. or less in diameter 
and restricted to the breast with absent or 
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TABLE I 
TOTAL DOSE OF P? 











No. of 











incomplete skin fixation. The nipple may Dose (те) Patientg || Dose (mc) е 
be retracted or Paget's disease тау be = ЕС 
present. EE. 4 12 29 

Stage II. Involved axillary lymph nodes. 5 13 | б 
Primary tumor same as in Stage I. 4 - 14 | б 

Stage III, Tumor greater than 5 Cm. in g | E. | " 
diameter, or complete skin fixation, or skin ó i 17 | н 
involvement wide of the tumor, or orange- 10 12 >17 | о 
peel skin, or complete fixation to the chest II | К | 


wall, or fixed axi lary nodes, or homolateral 
supraclavicular nodes present. 

Stage IV. Distant metastases present. 

In this study, patients classified as Stage 
гог п are probably representative of that 
stage. Stage 11, however, comprises those 
patients with tumors greater than 5 cm. in 
diameter, but rarely with the other findings 
that would have made the lesion inoper- 
able. 

TREATMENT 

A radical mastectomy was performed in 
all but 5 patients in whom, because of age 
or bilateral breast cancer, the surgeon 
elected a simple mastectomv. 

All patients received intravenous radio- 
phosphorus in the form of sodium acid 
phosphate. The total dose in each patient 
was divided into 6 to 8 injections over a 
period of approximatelv three weeks. Sev- 
enty-one per cent either received the initial 





injection while the operative procedure was 
still in progress, or within twenty-four 
hours thereafter. The other 29 per cent re- 
ceived the first radiophosphorus dose be- 
tween two days and three weeks after sur- 
gerv. Dosage was determined according to 
body weight; Table 1 shows that all but 5 
of the pa-ients received a total of 7 to 17 
mc of raciophosphorus. Doses of § mc or 
less wer2 not intentional and are accounted 
for by some interruption in the course of 
therapy. 

Roentgen therapy was begun as soon as 
the opera-ive wound attained primary heal- 
ing. Ths was usually ten to fourteen days 
after surgery, but was occasionally later 
when referral or healing time was delaved. 
Table 1: shows the areas treated by roent- 
gen therapv according to the stage of the 
disease. Two-thirds of the Stage т patients 















































Taste П 
AREA TREATED BY ROENTGEN THERAPY ACCOREING TO STAGE OF DISEASE* 
| | Supraclavicular|Supr icavicular,| 
x No Roentge Sterna Й i | '! Miscellaneox No. of 
Stage T] nigen pw l and Ax ll: ry and = 2s | " p al 
‹ IV 7 = А LE c р» 
жер: "з Axillary Sternal] а ине 
I & 20 3 9 О 37 
I] © I s 19 е 55 
ITI | | о 3 14 | 19 
Total b | 21 14 52 III 


* All patients received P”. 








T 5 patients: 
I patient: 
I patient: 
I patient: 


supradavicular, axillary, and chest wall roentgen therapy. 

supradavicular, axillary, sternal, and pelvic (for sterilization) roentgen therapy. 
supradavicular and chest wall roentgen therapy. 

axillary and chest wall roentgen therapy. 
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Tase III 


FOENTGEN THERAPY PLAN* 





Field 








| Size (cm.) 
| 


Dose (r/cm. depth) | Time (da.) 





Sternal (anteroposterior) 


Supraclavicular (anteroposterior and posteroanterior) 


Axillary (anteroposterior and posteroanterior) 





ox I2 





3,000 r/3 cm. 30 
IOX1S 4,000 r/midplane 40 
ү IG 4,000 r/midplane 40 








* There was some deviation from plan according to the size of the patient, skin reaction, etc. 


received radiation only to the sternal field. 
The Stage п and Stage їп patients, in 
general, had irradiation of the sternum, 
supraclavicular-infraclavicular area, and 
axilla, but, in each, the treatment plan was 
individualized. Table 111 shows the average 
size of the various treatment fields, the 
intended tissue dose, and the over-all pe- 
riod of radiation therapy. The steraum was 
treated through an anterior mid ine field 
extending inferiorly from the sup-asternal 
notch, with an effort made to celiver a 
calculated dose of 3,000 r at a depth of 3 
cm. in thirty days. The supraclavicular- 
infraclavicular area was treated via an- 
terior and posterior fields measuring about 
IO by 15 cm. In this area, the c:lculated 
midplane dose of 4,000 r was given in ap- 
proximately forty davs. The axilla, treated 
through anterior and posterior, opposing, 
7 by то cm. fields, also received : 4,000 r 
midplane dose in forty days. Field size, 
tissue dose, and delivery time va-ied, de- 
pending primarily on the size of the patient 
and the degree of skin reaction. Therapy 
was given with either 200, 220, or 250 kv. 
peak radiation filtered to provid? a half 
value layer ranging from о.9 to :.4 mm. 
Cu with a target skin distance o^ £o cm. 
In the 7 patients (Table 11) receiving radia- 
tion to the chest wall, 100 kv. radiation 
was used. 


HEMATOLOGIC RESULTS 


Depression and recovery of hemoglobin 
concentration, packed cell volum >, white 
blood cell count, and platelet ccunt are 
indicated in Tables ту through 1x. Although 
the total group consisted of тїї patients, 
the number of those adequatelv sti died for 


each of the various parameters was some- 
what smaller. Each table includes all pa- 
tients for whom data are available for the 
particular parameter. In some patients, 
either the determination was not obtained 
at each of the desired intervals, or the re- 
sponse was so altered bv transfusion that 
it was not possible to acquire data showing 
radiation effects and recovery. In some 
patients with depression of one or more of 
the tormed blood elements, the follow-up 
data were inadequate to demonstrate the 
date of recovery; hence, the tables show 
fewer "at risk” patients with respect to 
recovery time than for the period of de- 
pression. 


HEMOGLOBIN AND PACKED CELL VOLUME 


Of the patients receiving radiophos- 
phorus but no other radiation therapy, 4 of 
$ had a drop in hemoglobin (Hb) concen- 
tration of 2 gm. or less per 100 ml., and 
none of the 4 had a drop in packed cell 
volume (PCV) greater than 4 per cent 
(Table 1v). In the 1 patient with a signifi- 
cant drop in Hb, the low level was associ- 
ated with a terminal pulmonary. embolus. 
Thus, the influence of Р, without other 
irradiation, оп the Hb concentration and 
PCV was minimal. In considerinz the ad- 
ditional effect of roentgen therapy, irradia- 
tion of the sternum was probably more 
effective for the suppression of Hb and 
PCV than irradiation of the axilla and 
supraclavicular fossa, but the greatest ef- 
fect occurred when all three areas were 
treated. Table v demonstrates that the Hb 
tended to reach a minimum concentration 
between two and three months following 
surgery, or about one month following com- 
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TABLE IV 
MINIMUM HEMOGLOBIN CONCENTRATION AND PACKED CELL VOLUME" 
Hemoglobin Concentration | Packed Cell Volume 
No. of Patients | No. of Patients 
Dropt (gm.) | p? | р? торї (absolute | | ps p32 
-it 232 23) | — MÀ | 232 232 | : | 

| | : 45 45 A percentage | 1 | | еі 45 45. A 

only +M and A | and M SMS LE and А | and M 
=] 2 8 б [5 Or 9 I ^ 4 2 
SI 2 5 6 18 DUC 4 3 5 | 2 4 
>2-3 ІХ >4- © 2 2 9 
2374 I 2 | 8 »6- % 3 T 
Sus І 4 > &—ю I 1 7 
= S > ю 10 
Total 5 19 14 бо Total 4 14 9 40 














* M, S, and А=гоеп gen therapy to sternum, supraclavicular area, and axilla, respectively. 
+ Drop2 maximum postoperative value minus the minimum occurring during the first six months after surgery. 


pletion of radiation therapy. A minimum 
Hb concentration at least 15 per cent lower 
than the immediate postsurgical value oc- 
curred in one-half of the patients. Table v 
also shows that, while the recovery time 
(defined as the time between the minimum 
level and the return to a level at least equal 


to that found immediately postsurgery ) 
varied from one to several months, recovery 
did occur in all instances. According to 
Table ут, times for depression and recovery 
of the PCV are essentially the same as those 
observed for the recovery of Hb concentra- 
tion. 


TABLE V 


TIMES OF MINIMUM HEMOGLOBIN CONCENTRATION AND OF RECOVERY* 














No. Reaching Minimumt 


No. Recoveringi 

































































Time | — 
(то) |  P* ps pe+s | pr+s | px pe p245 | pes, 
опу +М апа А А апа М only | +M and A A and M 
чи C ü— t— SS — | — а 
І 1 — — — — — — 3 
2 — 8 4 23 E mE l р 
3 — l —- 7 -- | 2 5 
4 — — — | -— a -— | 
б =<; == = I I = 2 
12 -- — — 2 — I I 5 
24 -- -- І | — — -— І 
36 — = == = == — — I 
Total | 9 4 35 | | o 5 | 4 25 
: — | - EMEN 
At Risk $ 19 14 | 6o | © 5 4 25 





* M, S, and A= roentgen therapy to sternum, supraclavicular area, and axil a, respectively. 


+ Minimum = at least 14 per cent less than the postsurgical level. 
t Recovery = to at least the postsurgical level. Time is calculated from the time of the minimum. The difference between the number 
of patients in each category reaching the minimum and the number at risk for recovery is due to the lack of data for some patients. 
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Tase VI 
TIMES OF MINIMUM PACKED CELL VOLUME AND OF RECOVERY* 
No. Reaching Min mumt No. Recoveringt 
Time : - ————— - | mE 
(mo.) P22 p? P2+S P245, | p? p? p?:4-S PS, 
only +M anc А A and M | only +M and A A and M 
— | — s: acean "dea = 
I = = = = = 1 6 
2 | 5 3 24 3 = 7 
3 -- | 2 | І | 
4 -— -— 1 | | —- 
б — | — 1 - — 2 
12 = | = = as І 
24 — | M s =з | 3 
36 = | i = = д 
Total I 6 А de I | 5 | 4 20 
At Risk 4 14 с 40 | I | 5 | 4 | 21 








* М, 5, and A=roentgen therapy to sternum, suj raclavicular area, and axilla, respectively. 
T Minimum=at least то per cent less than the pc stsurgical level. 
{ Recovery= to at least the postsurgical level. Tin e is calculated from the time of the minimum. The difference between the number 
of patients in each category reaching the minimum ind the number at risk for recovery is due to the lack of cata for some patients. 


WHITE BLOOD CELL AND PLATELET CO INTS 

Of the 89 patients for whom d: ta were 
available, 82 had white blood cell (WBC) 
counts greater than 5,000 previous to sur- 
gery. Ninety-six of 98 patients with platelet 
determinations available either presurgery 
or immediately postsurgery Һас levels 
greater than 150,000 per cubic mill meter. 

During or following radiation therapy, 
WBC counts decreased to 3,000 o- less in 
77, went below 1,000 in 7, and drcpped to 
under 500 in I of 98 patients (Tale vir). 
A depression of at least 33 per c-nt was 
found in 96 of these patients (Table уш). 
The minimum WBC level was generally 
reached between one and three morths fol- 
lowing surgery, and recovery to it least 
5,coo WBC occurred in all but 7 cases of the 
78 for whom data are available (Talde ут). 
In the other 7, the WBC count reti rned to 
a level of at least 4,000. 

Of 96 patients with observations, 58 had 
a decrease in platelet count to 100.200; 16 
to 50,000; and 5 to 30,000 or less (Table 
vif); 76 had a depression of platelet count 
to О per cent or less of the presurzical or 
immediate postsurgical level. All bat 1 re- 
covered to at least 100,000 and to double 


the minimum (Table 1x). The platelet 
counts reached the minimum at about the 
same time as the WBC count and also 
recovered at a similar rate. 

For all patients, living and well, who 
were followed between four and seven 
years, Hb and PCV values and platelet, 
red blood cell, white blood cell, and differ- 
ential white cell counts were within the 
normal range. The white blood cell and 
platelet counts, however, did not always 
return to their baseline values. 

In general, transfusions were not given 
and treatment was continued in spite of 
lowering of the peripheral blood elements. 
Exceptions occurred in § patients in whom 
transfusions of І, 1, 2, 3, and 5 units, re- 
spectively, were administered without stop- 
ping therapy. In each case, the transfusions 
were given because of a drop in Hb, al- 
though in none did it go below 9.4 gm. per 
100 ml. In retrospect, and in view of the 
now available information, recovery of 
these 5 patients would probably have oc- 
curred without transfusion if sufficient time 
had been allowed. Several patients with 
widespread metastases required transfu- 
sions during the terminal stage. 










































































Vor. 85, No. 5 Treatment of Breast Cancer 839 
Tague VII 
MINIMUM WHITE BLOOD CELL AND PLATELET COUNTS * 
WBC Platelet 
No. of Patients No. of Patients 
Minimum pae po Minimum | рз: po 
/ 3 232 232 j 3 32 32 
I ,coo/mm. | | | A 45 | +5 А 1,000/mm.J | Е | jM 45 +S, А 
РЕ Ti and А | and M | жыш. +! and A | and M 
> $ I I | = 200 | I 5 
Se =$ | 2 2 2 7150-200 2 I | 
m3 4 3 4 6 > 100-150 I 3 3 16 
= | — 
SUL c 3 8 2 | 27 > 50-100 | 1 o 4 29 
5r 4 3 | 33 > 30- se 5 6 
ic мып | I | I I | 3 < 30 2 I 2 
ый ө | I — cs — = — 
Е : = ш | | ГА = | mE uM mE 
Total | 5 | 1] | 12 62 Гог 4 | 20 13 69 
{ , 











* M, S, and А = roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 


^ 


Therapy was discontinued in 2 patients 
because of white blood cell counts of оо 
and 550 per cubic millimeter. Each had 
received 13 mc of radiophosphorus and was 
receiving radiation to supraclavicular, axil- 
larv, and mediastinal fields. In these pa- 
tients, the Hb dropped from 13.1 to 10.4 


and from 14.8 to 10.2 gm. per 190 ml. The 
platelet levels decreased from 366,000 to 
16,000 and from 342,000 to 46,000 per cubic 
millimeter, respectively. In both, the plate- 
let and white blood cell levels returned to 
normal (greater than 200,000 platelets and 
5,000 white blood cells per cubic millimeter) 


TABLE VIII 


TIMES OF MINIMUM WHITE BLOOD CELL COUNT AND OF RECOVERY * 























No. Reaching Minimumt 


No. Recoveringt 















































Time = P 
( mo.) pe pe P®-+S P#-+S, ра p P?-4-S purs. 
only +M and A А апі М |  enly +M and A A and M 
Е . | | = zo] c» db a 
= $ 3 d -4 
2 I 16 9 52 Es 3 | 2 6 
3 ! I 2 7 — I | І 3 
4 | = = | | = = ! = 3 
6 == = —= 1 4 1 d 
12 ] = = 1 == } б 
24 — — — — 1 — — І 
36 == - - — — — — 1 
Total 3 19 | 12 | 62 3 12 10 46 
At Risk $ 19 | 12 | 62 3 13 12 50 | 








* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 


T1 Minimum = at least 33 per cent less than the presurgical level. 
Í Recevery = to at east 5,000 per mm.? Time is calculated from the time of the minimum. The difference between the number of 
patients in each category reaching the minimum and the number at risk for recovery is due to the lack of data for some patients. 
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TABLE IX 


TIMES OF MINIMUM PLATELET COUNT AND OF RECOVERY* 












































No. Reaching Min mumt No. Recovering t 
Time -= Е ——— = 
( mo.) p? ps2 | Р#?-+5 | P-S, p? p32 | P2+S p +5, 
only +M anc A A and M only +M and А A and M 
I с=з. 3 3 б 2 5 3 23 
" І 16 1 37 ses 5 2 7 
3 — - $ -- 2 — 2 
4 I m | nd = mE E - 
: ~ MN | : | Ша 3 
12 mE | De BN Е | TI | 3 
24. — —— —— | — === aca = 
36 i = - = - ке E 
"i | | | | | | | | | | pe 
Гога! | 2 | 19 | ^ | 49 2 | I2 | 5 | 3! 
e | | | 
At Risk | 4 20 | rz 59 2 | 12 | c | 39 
| : 3 : 











* M, S, and A=roentgen therapy to sternum, supraclavicular area, and axilla, respectively. 
ї Minimum= at least о per cent less than the p»esurgical or postsurgical level. 


t Кесоуегу = го at least тоо 
ference between the number о 
lack of data for some patients. 


within one month after cessation of ther- 
apy. One patient received 3 transfusions, 
whereas the other received no specific 
therapv. 

A forty-eight year old patient wich Stage 
1 breast cancer developed leukemiz, which 
was the cause of death four vears following 
radical mastectomy. She had received 13.0 
mc of radiophosphorus and roentgen ther- 
apy to the mediastinum (3,000 r calculated 
at a depth of 4 cm. delivered through an 8 
by то cm. field with radiation of .4 mm. 
Cu half value layer). The hematologists 
diagnosed this as an acute monocytic leu- 
kemia. There is no way of asce-taining 
whether radiation was in any way respon- 
sible for the leukemia. 


DISCUSSION 


It would be of interest to ditte-entiate 
the parts played by radiophosphorus and by 
roentgen therapy in depressing the formed 
elements of the peripheral blood. U nfortu- 
nately, the current series includes onlv a few 
patients treated by roentgen therap - alone, 
and patients previously treated by roent- 
gen therapy without P? did not have svs- 


‚ооо /mm.* and to double the minimum level. Time is calculated from the time of the minimum. The dif- 
f patients in each category reaching the minimum and the number at risk for recovery is due to the 


tematic blood counts made over a pro- 
longed period of time. One approach around 
this lack of roentgen-treated controls would 
be to calculate the integral dose of radia- 
tion for patients of the current series and 
contrast their hematologic responses with 
those to be expected from such integral 
doses; kohn? has summarized the changes 
in leukocyte count during roentgen therapy 
and related these to integral dose. For the 
present patients such calculations would, 
however, present several difficulties. First, 
most of the roentgen therapy was given 
obliquely or tangentially to areas of 
rounded or irregular contour, so that in- 
tegral dose calculations for the radiation 
would involve doubtful approximations. 
Second, while soft tissue and bone com- 
partment P? dose calculations were made 
according to the method of Low- Beer et al., 
poorly documented assumptions regarding 
Р? distribution and effective half life are 
inherent and the calculations lack meaning. 


SUMMARY 


This report deals with the hematologic 
effects in 111 patients treated with mastec- 


VoL. 85, No. § 
tomy, postoperative roentgen therapy, and 
intravenous radiophosphorus for cancer of 
the breast. In many patients, the Hb, PCV, 
WBC, and platelet levels dropped consider- 
ably within a month or so after completion 
of therapy. Spontaneous recovery of these 
formed blood elements usually followed 
several weeks after the maximum depres- 
sion. Although recovery to pretherapy lev- 
els did not alw: vs occur, in no patient were 
abnormal values obtained in the four to 
seven year folle w-up period. 

live patients received transfusions dur- 
ing the course of therapy, but these trans- 
fusions were probably unnecessary. In 2 
patients, therapy was discontinued because 
of low white blood cell and platelet counts; 
both recovered within one month. One pa- 
tient died of ac ite monocytic leukemia four 
vears after therapy for carcinoma of the 
breast. 
Glenn E. Sheline, M.D. 
University of California Medical Center 
San Francisco 22, California 
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TREATMENT OF BREAST CANCER BY RADICAL 
MASTECTOMY, POSTOPERATIVE ROENTGEN 
THERAPY, AND INTRAVENOUS 
RA DIOPHOSPHORUS* 


ACTUARIAL ANALYSIS OF SURVIVAL DATA 


By GLENN E. SHELINE, M.D.,tf MALCOLM D. JONES, М.Э. HENRY I. KOHN, M.D.,t 
CALVIN ZIPPIS, Sc.D,4$ and Н. GLENN BELL, M.D. 


SAN FRANCISCO, CALIFORNIA 


ELL and Low-Beer! considered the 

major unsolved problem in treatment 
of breast cancer to be distant metastases 
rather than local disease. Hence, they 
treated a series of such patients be radical 
mastectomy and postoperative -oentgen 
therapy, plus radioactive phosphorus ad- 
ministered intravenously as sodium acid 
phosphate. The theoretical concepts behind 
the use of radiophosphate were that cancer 
cells are actively dividing and therefore 
incorporate phosphate, and that tae radia- 
tions from P? might be lethal to the cell, 
or at least interfere with its reproduction. 
The P” treatment was not intended to af- 
fect the primary tumor or metastases 
established in local lymph nodes; rather it 
was hoped that it would affect cancer cells 
shed bv the tumor and circulating through 
the body, particularly in the oper:tive and 
postoperative periods. Since Low-Beer's 
death, the continuation of this study has 
been assumed by the present authors. 
The hematologic findings have len pre- 
sented.? 

The present report analyzes the survival 
in this series of patients treated by radio- 
phosphorus and in two other series used as 
controls. Of particular concern in the 
analysis is the influence, if any, ot the P®. 
For various reasons—including the presence 
of simultaneous multiple primary carcino- 
mas (4 patients), the use of simple mastec- 
tomy (5 patients), previous radica. mastec- 


tomy for cancer of the opposite breast (4 
patients), or radiation therapy elsewhere 
(4 patients)—17 patients considered in the 
study of hematologic effects are not suit- 
able for this survival study. Thus, only 94 
patients who received P? are in the current 
group. 


SELECTION OF PATIENTS FOR THE 
SURVIVAL STUDY GROUP 

The patients included in the study were 
treated between 1948 and 1955. With a few 
exceptions, the P? cases (cohort 2-b) were 
from the period 1952 through 1955. A con- 
current series (cohort 2-a) was composed 
of those who were treated in this same in- 
terval but who did not receive P?*, To in- 
crease the number of comparison cases not 
treated with P?, an additional series of 
cases without P? (cohort т) was obtained 
for the period 1948 through 1951. 

This study then comprises the following 
groups: 

1. All cases of carcinoma of the breast in 
women treated at the University of Cali- 
fornia Medical Center from 1948 through 
1955 were considered. 

2. Definitive treatment began with a 
radical mastectomy not later than ten days 
after the first diagnosis of breast cancer. 
(There was т exception in which the inter- 
val was three weeks.) The surgerv was per- 
formed at the University of California 
Medical Center in all but 4 Stage 11 pa- 


* From the University of California, School of Medicine, San Francisco, California. Presented at the Sixtv-first Annual Meeting 


of the American Roentgen Ray Society, Atlantic € ty, New Jersey, September 27-30 


+ Department of Radiology. 


, 1960. 


i U. S. Atomic Energy Commission Radiological laboratory, Department of Radiology. 
$ General Tumor Registry (Cancer Research Insitute) and Department of Preventive Medicine. 


| Department of Surgery. 
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tients who were sent here postoperatively 
specifically for P? treatment. 

3. Roentgen therapy, when used, was 
given at the University of California Med- 
ical Center. 

4. Patients in whom another cancer was 
diagnosed for the first time concurrently 
with the breast cancer were excluded. 

v. Radiophosphorus therapy, if given as 
part of the definitive treatment, was begun 
as soon as practicable after the radical 
mastectomy and was given as a complete 
course at this hospital. In 71 per cent of the 
patients, the first injection of P? was given 
on the operat ng table at the time of the 
radical mastectomy, or within twenty-four 
hours thereafter. 


VARIABLES IN THE ANALYSIS 


To estimate the effect of P? treatment 
on survival, two series of cases, comparable 
in all respects except that onlv one series 
received P?, are required. Characteristics 
on which treatment and control groups тау 
be tested for comparabilitv are: the distri- 
bution of the ages of the patients, the dis- 
tribution of the stages of the disease, and, 
perhaps, the <imes at which the patients 
were treated. To ascertain how these 
factors varied in the present material, the 
cases in this study were classified with re- 
spect to age bv stage and cohort (Table r) 
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and with respect to treatment bv stage and 
cohort (Table 11). In staging the cases, 
operative findings were utilized according 
to the recommendations of the Committee 
on Clinical Stage Classifications and Ap- 
plied Statistics of the International Union 
Against Cancer, as summarized in the pre- 
vious paper.’ 

In regard to age distribution, cohorts 1 
and 2-b were similar but cohort 2-a (no Р) 
had relatively more older patients (Table 
1). Since cohorts 2-a and 2-b were concur- 
rent, it is evident that the younger patients 
were selected for the P? treatment more 
frequently than the older ones. This was 
probablv due to the fear that the blood 
forming organs of the older patients might 
be more easily injured by P. Thus, com- 
parison of the survival of P? treated cases 
(cohort 2-b) in a given stage with survival 
of cases in cohort 2-a in the same stage 
may refect differences in age as well as 
effectiveness of therapy. 

Wita respect to staging, the proportion 
of cases falling in Stage 1, 11, or 11 for the 
concurrent cohorts 2-а and 2-b are approxi- 
mately the same (Table и). 

Almost all of the patients treated with 
Р?” also had roentgen therapy to the thorax 
and/or axilla.’ Although radiotherapeutic 
treatment varies somewhat, only the dis- 
tinction, roentgen therapy versus no roent- 


TABLE | 


AGE DISTRIBUTION BY STAGE AND COHORT 











| | ч 
| | Cohort 1 (1948-1951) 
| No P2 


Cohort 2-1 (1952-1955) | Cohort 2-b (1952-1955) 
No P? | With Р? 























No. of Cases Per Cent |No. of Cases Per Cent No, of Cases Per Cent 
































Stage Age 
Uncer 45 14 24 
I 45—64 36 (51 
Over 64 9 ES 
| Uncer 45 I7 28 
II 45-04 32 53 
Over 64 1 18 
Under 45 | 8 25 
ITI 45—64 20 62 
Over 64 4 12 





5 17 ГІ 35 
15 52 15 48 
9 41 5 16 
22 22 

13 41 28 62 
12 39 7 16 
| 9 2. B 
5 45 12 67 
5 45 4 22 
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Taste II 
TREATMENT DISTRIBUTION BY STAGE AND COHORT 
Stage I Stage 11 | Stage III 
Cohort No R No R | | Мо Rc Total 
Roent- i. Total | Roent- T Total || Roent- ero Total 
- М ма M» 
| gen Кау вен ay een Ray БЕП їка | gen Кау сеп Кау 
І | 
1943-1951 56 3 59 44 16 OO I6 16 32 ISI 
NoP* | (39%) (40%) (21%) | 
2-а 
1952-1956 | 26 3 29 20 12 32 7 4 11 72 
No Ре | (40%) (44%) | este 
E | zx А 
2-b | | | | 
1952-1955 | 5 26 31 о 45 45 о 18 18 94 
With P5 (33%) (48%) | (19%) 
| | » a a | 
Total | 87 32 119 64 73 | 137 || 23 38 61 317 
1 





gen therapy, will be considered; further sub- 
division vields groups too small to be of 
use. Table пи shows that the percentage of 
cases receiving roentgen therapv in cohorts 
I and 2-a combined were: Stage !, 7 per 
cent; Stage II, 30 per cent; and Stage І, 
46 per cent. The decision to give roentgen 
therapy without P? apparently was influ- 
enced by the stage of the disease. On the 
other hand, this bias was much less evident 
in the P? cases, where 84 per cent of those 
in Stage 1 and 100 per cent of those in 
Stages п and 111 received roentgen therapy. 
Comparison of the total group ot cohort 
2-b cases with corresponding stage groups 
in cohorts 1 and/or 2-a will, therefore, con- 
found to some extent the comparison of the 
effect of P? with the effect of roentgen 
therapy on survival. The most specific com- 
parison, although limited by numbers, is to 
compare the survival of roentgen treated 
P? cases with the survival of the other 
cases who were also treated with roentgen 
rays. Where possible, comparable age 
groups should be studied. 


SURVIVAL DATA 


The survival data were analyzed pri- 
marily by the actuarial method of Berkson 




















and Gage? with various cohort and treat- 
ment groups combined 1n several ways. It 
should be noted that these data are for 
survival and do not necessarily imply that 
the patients are disease free. 

Figures 1, 2, and 3 show the cumulative 
survival plotted as a function of years after 
the diagnosis of Stage 1, п, and ш of the 
disease. In these figures, the data for co- 
horts 1, 2-a, and 2-b were plotted sepa- 
ratelv, but the cohort groups were not 
separated into those receiving or not re- 
ceiving roentgen therapy. The graphs show 
that the results with radiophosphorus are 
no worse than without it; in fact, it appears 
that P? may have had a beneficial effect in 
Stage п. The cumulative survival rates at 
four and five vears by stage, cohort, and 
treatment are given in Tables їп and iv. 
Since nearly all cases have been followed 
through the fourth vear, but follow-up for 
the fifth vear 1s not vet complete, consider- 
ations for the fourth vear are based on a 
larger number of cases than for the fifth 
vear. For neither four nor five vear survival 
did P? appear to make any material differ- 
ence in Stage 1. In Stage п the four vear 
survival rates for all cases in each cohort 
were: cohort 2-b, 78 per cent; cohort 1, 61 
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Ес. т. Cumulative survival in Stage т of cohorts т, 
2-а, and 2-b plocted without regard to whether or 
not roentgen therapy was used. 


per cent; and cohort 2-a, 56 per cent (Table 
111). The five vear survival rates in Stage п 
were 70 per cent for cohort 2-b and 52 per 
cent and 56 per cent for cohorts 1 and 2-a 
(Table 1v). These data suggest that Р? 
may have had a beneficial effect in Stage 
п. As a test cf this hypothesis, the four 
year survival data of cohorts 1 and 2-a were 
combined and then compared with the 
data for cohort 2-b. For the combined co- 
hort the four rear survivals for cohorts 1 
and 2-а were averaged and their variance 
pooled, giving a survival of $8.5 +0.0768 
per cent. When compared with the 78 
0.0624 per cent survival of cohort 3-55. 
the value of Z was found to be r.97, indi- 
cating a significant difference at the .05 
level. 

Regarding the effectiveness of roentgen 
therapy, in Stege 1 the number of cases in 
cohorts 1 and 2-а treated with roentgen 
therapy was too small to allow comparison. 
For Stage 1 (Table 111) cohorts 1 and 2-a, 
without radiation therapy, had approx- 
imately the same four or five year survival 
rate as cohort 2-b, with P? and roentgen 
therapy. In Stage п, cohorts 1 and 2-а, no 
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Fic. 2. Cumulative survival in Stage п of cohorts т, 
2-а, and —-b plotted without regard to whether or 
not roentzen therapy was used. 


consistent or significant difference in sur- 
vival was noted between those treated and 
those not treated with roentgen therapv. In 
cohorts 1 and 2-a, however, roentgen ther- 
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Fic. 5. Cumulative survival in Stage п of cohorts т, 
2-a, and 2-b plotted without regard to whether or 
not roen:gen therapy was used. 
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TABLE III 


FOUR YEAR SURVIVAL RATES BY STAGE, COHORT, AND TREATMENT 


(ALL AGES) 
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Stage I Stage II Stage III 
Cohort No 779 Мо R i No R 
oent- | ra — TN 
Roent- R Ictal Roent- TR Total Roent- oent Total 
n Ray ay i 
gen Ray | 8° › gen Ray | 5€? ^3) gen Ray | 8" 4) 
1 
1948-1951 87% x 8-6% 61% 62% 61% 50% 25% 37% 
No p? 
2-а 
1952-1955 о | -7 Ban 60% 48% 56% || 71% ” 55% 
No р? 
2-b к] 
1952-1955 Ч * 84% СД == 78% 78% = 66% 666; 
With p? mores { 





* Fewer than 6 cases. 


apy was not systematically used an 1 those 
patients referred for radiation likely repre- 
sent the more advanced cases of each stage. 
There were too few cases in cohort =b that 
did not receive roentgen therapy to permit 
assessment of roentgen therapy n this 
group. 

Since a bias тау result from the d fferent 








age compositions of the various cohorts, 
the data for cases falling between forty- 
five and sixtv-four vears of age were re- 
viewed for four vear survival (Table v). In 
Stage 1, the survival (87 per cent) of co- 
hort 2-b, treated with roentgen therapy and 
Р? was not significantly superior to that of 
cohort 1 (86 per cent) or cohort 2-a (68 per 


TABLE IV 


FIVE YEAR SURVIVAL LATES BY STAGE, COHORT, AND TREATMENT 


(ALL AGES) 

































































Stage I Stage II | Stage III 
Cohort No Roe | No R No ee 
Roent- p Total | Roent- uid Total Roent- os 7 | Total 
av > ay > o aV 
gen Ray | 29 53) gen Ray | ESP ^35 gen Ray | 8&9 4) 
I 
1948-1951 84% е 84% 49% 62% | 52% 44% 2590 34% 
No P? 
wj "52a 
1952—1955 71% 3 79 60% 48% 567 71% т 55% 
No Р? 
2-0 | | 
1952—1955 à 80% 82% =з 70% 70% || = $570 | 55% 
With Pè | | | 








* Fewer than 6 cases. 
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TABLE V 


FOUR YEAR SURVIVAL RATES BY STAGE, COHORT, AND TREATMENT 


(AGE GROUP 45—64) 










































































Stage I Stage II Stage II] Stages I] and III 
= : > : | Е Е 
Cohort No R No NA No NR | Мо Roent 
)entgen oentgen oentgen oentgen 
Roentgen р SC" Roentgen E St" Reentgen R 561 Roentgen R 8 
ay ay ay ay 
Ray , Rav :- | Ray | Rav 
—— LE к 6. 8 ВЫ 
I | 
1948—-I951 866, 62% = | 50% 12% 
No Р? | 
No. of Cases 36 * 26 t 12 8 
2-а Ji 
1952-1955 | 689; + | 56% — 
No P? 
No. of Cases I4 * 9 z * * 
I and 2-а 
1948-1955 81% ч 60% 30% 50% 18% 57% 240 
“о ps 
- ~ | К 
No. of Case || бо е 35 IO A T dH 49 21 
l | zs тиры ia -— -—— _ РЕШ 
2-b 
) "07 Pa i we су, — rt 
1952—1955 | m | 87 7 78% | 07% | : 15 ‹ 
With P || | 
28 | о 3 | О 40 


No. of Cases | * 15 о 


* Fewer than 6 cases. 


cent) which had no radiation therapy. In 
Stage ir, cohort 2-b did significantly better 
(Z 2.3) than cohorts 1 and 2-a combined; 
in this stage, the data for the restricted age 
groups are similar to those for all ages 
(Table т). 

As an additional basis for comparison, 
the data for Stages п and 1 of patients 
between fortv-five and sixty-four vears 
were combined bv treatment group (Table 
v). The survival for the P? and roentgen 
therapy group was 75 per cent versus §7 per 
cent for the nonirradiated group and 24 per 
cent for the group which had roentgen 
therapy only. By the Z-test, 75 and 57 per 
cent are not quite significantly different 
(Z=1.8) at the 5 per cent level of signifi- 
cance. 

In conclusion, it should be recalled that 
the use of radiophosphorus was predicated 
on the hope that it might affect floating 
cancer cells; it was not thought that it 


would induence more advanced disease. 
Since operable Stage 111 cases are a selected 
group of patients with advanced local dis- 
ease, rad ophosphorus was not expected 
to influence their survival. Furthermore, in 
Stage 1 the four or five vear survival rates 
are approximately 80 to 85 per cent (84 per 
cent 5 year survival for cohort 1 of present 
material); hence, a large patient group 
would be necessary to identify an improve- 
ment. Thus, if P? has an etfect on survival, 
it probab y would be detectable only in 
Stage 11. Interestingly, although statisti- 
cally the differences found in the current 
study are only of borderline significance, 
the Stage п patients receiving P” and 
roentgen -herapy did consistently show a 
higher survival rate than those not receiv- 
ing P? wth or without roentgen therapy. 
These results suggest that the effect of P? 
should be further tested in a larger group 
of Stage m carcinoma of the breast. This 
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study should be made where a larze vol- 
ume of material is available and sheuld be 
designed to avoid the problems of cc mpari- 
son occurring in the present study. Since 
the survival rate in Stage 1 is high ard little 
improvement could be expected їп this 
group, it does not seem that the total body 
and the marrow irradiation from these 
doses of Р?? is justified unless it is estab- 
lished that P? does have a significart effect 
in other stages. 


SUMMARY 


I. Ninety-four patients with caacer of 
the breast were treated between 1c22 and 
1955 by radical mastectomy and pestoper- 
ative intravenous radiophosphorus; 89 of 
these also had roentgen therapy. 

2. The survival rates of the exper: mental 
group of patients were compared with the 
rates for similar groups of patients treated 
previously and concurrently, but without 
P. 

3. The results were confounded эу cer- 
tain factors of selection; particula-ly no- 
ticeable were the nonuniform distr bution 
of patient ages between the cohorts and the 
variable utilization of roentgen therapy in 
those not receiving Р, The bias sc intro- 
duced into the study cannot be fulk: eval- 
uated; hence, the significance of these re- 
sults for therapeutic practice must remain 
in doubt until a properly designed thera- 
peutic trial is carried out. 

4. The results in Stage 1 were not signifi- 
cantly changed whether P® and/or roent- 
gen therapy was used. In Stage 11, although 
the best results were with P? and rcentgen 
therapy, the groups are too small for the 
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differences to be statistically significant. 
Because of the selective manner in which it 
was applied, the value of roentgen therapy 
alone cannot be evaluated. At present, 
continued use of P? in Stage т is not justi- 
hed. 

с. In Stage п, gauged bv four or five 
vear survival rate for the entire age group, 
or for those patients of forty-five to sixty- 
four vears, the cohort with both P? and 
roentgen therapy did better than those co- 
horts treated without P? (with or without 
roentgen therapy). The differerces, al- 
though consistent, were of borderline sig- 
nificance. It appears that in Stage п an 
extension of the studv is merited. 


Glenn E. Sheline, M.D. 

Department of Radiology 

University of California Medical Center 
San Francisco 22, California 
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INTRAVASCULAR IRRADIATION OF THE 
INTERNAL MAMMARY LYMPH NODES 
IN BREAST CANCER* 


By RICHARD D. BRASFIELD, M.D, F.A.C.S., and ULRICH К. HENSCHKE, M.D., Рн.р. 


NEW YORK, NEW YORE 


E ds pioneer studies of Handley,’ Mar- 
gottmi, Urban," and others have 
shown that metastases from breast cancer 
to the internal mammary lymph nodes are 
frequent. The available statistics are as- 
sembled m Tables т, п, т and rv. The com- 
bined figures from these studies show that 
39 per cent of all patients with breast can- 
cer had metas-ases in the internal mam- 
mary lymph ncdes. 

The available statistics on the curability 
of patients wita internal mammary lymph 
node metastases are given in Table v. The 
combined figures show that 34 per cent of 
patients with metastases to the internal 
mammary lym»h nodes have survived five 
vears after surgical resection of the internal 
mammary chaia. 

Unfortunately, surgical resection of the 
internal mammary lymph node area is a 
complicated ап 1 time consuming procedure 
producing a higher postoperative morbidity 
than radical mastectomy. It is, therefore, 
carried out by only a few surgeons. The 
most widely used treatment of the internal 
mammary lymph nodes today is postopera- 
tive roentgen therapy. It is usually given if 
the tumor lies 1л the inner quadrants of the 
breast or if positive axillary lymph nodes 
are found. Its lisadvantages are skin and 
lung changes aad the necessity for 3 to 5 
weeks of additional treatment time. With 
most roentgen therapy techniques, not 
more than 4,000 г is delivered to the inter- 
nal mammary lymph nodes. The available 
reports do not permit judgment on the 
value of the roentgen therapy at these dose 
levels. 

This paper describes in detail а new 
method for treatment of the internal mam- 
mary lymph nodes, which we first suggested 


three years ago.! It consists of the insertion 
of radioactive sources into the internal 
mammary artery.* The rationale, the 
equipment, the radioisotopes, the surgical 
procedvre, and the radiotherapeutic pro- 
cedure are presented in this paper. 

From January, 1957 to December, 1960, 
we have used this technique in О patients 
and have encountered no serious problems 
or complications. It has proved to be a sim- 
ple and economic method. In these re- 
spects, our technique appears to be supe- 
rior to surgical resection of the internal 
mammary chain and to postoperative 
roentgen therapy. 

The <ey question for the future role of 
this tecarique in the management of breast 
cancer is, of course, "How do the results 
compare with surgical resection and roent- 
gen therapy?" Our series 1s too small to 
permit an answer to this question. With 
а 5 year survival rate of 34 per cent for 
patients with internal mammary lymph 
node metastases and an incidence of 30 per 
cent, not more than an over-all improve- 
ment ої то per cent (34 per cent of 30 per 
cent) im the 5 year survival rate can be 
expected from any method which attacks 
metastzses in the internal mammary lymph 
nodes. Most likely, there are only small 
differences in the effectiveness of various 
methods. Only a large and well-controlled 
clinical study can, therefore, demonstrate 
significant results. Ideally, in such a study, 
patients should be randomly assigned to 
one of feur groups: surgical resection, roent- 
gen the-apy, the technique here described, 
and no treatment. 


* Accordmg to the new anatomic nomenciature (Paris Nomina 
Anatomica 1955), the internal mammary artery is called the 
internal theracic artery. 


* ^ E . . к . ~ . re E . . А > 
Presented at the F orty-first Annual Meeting of the American Radium Socety, Hot Springs, Virginia, April 6-8, 19:9. 
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TABLE 1 
FREQUENCY OF LYM'H NODE METASTASES IN BREAST CANCER 
Positive | Positive Total Positi 
| All Lymp! | Positive Axil- Internal | Axillary Ш ы 
Author No. of Cases Nodes lary Lymph Mammary | -Internal | Ta ега 
Negative Nodes Only Lymph Nodes Mammary | I | лге 
Only Lymph Nodes | ^9 РОС 
Handley? 300 бй е 11% 102 = 34% 19 — 697 8 = 260; grim sa. 
Bucalossi and 
Veronesi? 100 pee a 41:410; [194 25252207. 26 = 260; 
Caceres: 38 | 89-379. | 97-4195 | 20=9% | 32=13% | 52=22% 
Urban! ‚ 300 133=45% 61=20% 25 — 80; 832289 106 200; 
Total 938 | 43562-3807 301 = 32% 63=7% 218 =23% 281 = 30% 








FREQUENCY OF METASTASES TO “HE 
INTERNAL MAMMARY LYMPH 
NODES IN BREAST CANCER 


Table 1 gives the frequency of metastases 
to the internal mammary lymph nodes in 
patients with breast cancer, as repo-ted by 
Handley,’ Bucalossi and Verones ‚+ Ca- 
сегеѕ,! and Urban!’ at the Seventh Inter- 
national Cancer Congress in Londo , 1958. 
From these figures we have calcula-ed the 
totals given in the last line of Table т: 
among 938 patients, 281 (30 per cemt) had 
lymph node metastases in the internal 
mammary lymph nodes. The individual 
reports range from 22 per cent to 35 per 
cent. 

In Tables п and 1m the corresponding 
figures are given from the same sour-es but 
are broken down according to the primary 


site of the breast cancer. Central lesions 
and the few cases in which the entire breast 
is involved are included under inner quad- 
rant lesions. The totals computed bv us 
show that, with outer quadrant lesions 
(Table 11), 20 per cent of all patients have 
internal mammary lymph node metas- 
tases. With inner quadrant tumors (Table 
111), this figure rises to 36 per cent. 

In Table ту we have assembled the 
available statistics on the frequency of 
metastases to the various interspaces. The 
figures are compiled from the same sources 
as the preceding tables, with the addition 
of the data of Margottini. The second 
interspace is most frequently involved ex- 
cept in Caceres’ series, in. which the first 
interspace 1s more frequently involved than 
the second. Caceres feels that this is attrib- 


TABLE II 


FREQUENCY OF LYMPH NODE ME" ASTASES IN OUTER QUADRANTS BREAST CARCINOMAS 






































Post Positive | Positive Total Posit; 
7 А; otal Positive 
All Lymph ie Internal | Axillary "un ! я 
T - Б: Axillary | nterna 
Author No. of Cases Nod 5 i Vs Mammary | +Internal М 
: .ymp Mammary 
Negative N ч diu Lymph Mammary | | M i 
ш Nodes / 20 - 4 Lymph Nodes 
РАНЕНИЯ, | Naden Only Lymph Nodes ^ чу ы 
| [4 Е E | p | | : 4 ? i › | я r* 
Handley® 148 62=3°3% 6524497 == 29 28 == 19% үт = 21% 
Caceres! 115 192 3.97 £8 2 6097 бета get 18 =169; 
Urban!'^ 26 б=2;% | 38 6X pss 2% g= 357, го = 380; 
Тоха] 289 | 97=33% 133 = 46% 20— 7% 39 = 14% 59 = 20% 
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Taste III 


Intravascular Irradiation of Lymph Nodes 


651 


FREQUENCY OF LYMPH NODE METASTASES IN INNER QUADRANTS CENTRAL AREA 


(+ WHOLE BREAST) CARCINOMAS 



































Positive Positive . 
| ?)ositiv | . Total Positive 
| All Lymph erm Internal Axillary Deed 
r (С т Axillary | nterna 
Author No. of Cases Nodes г. б | Mammary + Internal M 
| ymp Таттагу 
Negative N dern | Lymph Mammary L hN И 
ч | r ES f. 'mph Nodes 
| odes IY | Nodes Only | Lymph Nodes | D 
Handlev? [52 ds 52% or АЛУ 16 = 106 $0 33% 66 = 43% 
Э ) 7 307 эс = 2 с©, 34 = 2807 
C aceres! I 23 50 = 40% ао = 32% | & 3% 30> 25% M me 28% 
Urban" 274 127 = 46% 51=1900 | 22= 8% 74= 2740 96 = 35% 
Total 549 225554197 127 — 2390 42= 8% 154—289 196 — 36% 





utable to a more complete excision of the 
tissues in the first interspace, which he 
achieves by resection of the lower half of 
the first rib. 


CURABILITY OF PATIENTS WITH METAS- 
TASES TO THE INTERNAL MAMMARY 
LYMPH NODES 


Table v shows the 5 year cure and survi- 
val rates of patients with breast cancer 
according to involvement of the various 
Iv mph node areas, which we have compiled 
from the same sources as the previous 
tables. 

Handley’ gave deep roentgen therapy to 
those patients in whom positive internal 
mammarv lvmph nodes were found on 
biopsy, while Bucalossi and Veronesi,? and 
Urban?!’ used resection of the internal mam- 
тагу area. The results show a significant 
difference only when both the axillary and 
the internal mammary lymph nodes are 











involved. Urban’s results with his radical 
procedure in this situation are much better 
than those of Handley with roentgen ther- 
apy and of Bucalossi and Veronesi with a 
more limited surgical attack. 

The survival and cure rates of patients 
with metastases to the internal mammary 
lymph nodes are lower than those of pa- 
tients with axillary involvement. However, 
the figures make it clear that involvement 
of the internal mammary lymph nodes 
does not make the prognosis hopeless. 

The location of the nodes within each 
lymph node drainage area greatly influences 
the prognosis. In Urban's patients, only 
2/9 (17 per cent) survived § years if nodes 
were present in the first interspace or in the 
apex of the axilla. If nodes were not found 
in these areas, the 5 year survival rate of 
patients with positive internal mammary 
Ivmph nodes was much better, namely, 
6/8 (75 per cent). 


TABLE IV 


FREQUENCY OF INTERNAL MAMMARY LYMPH NODE METASTASES IN VARIOUS INTERSPACES 









































No. of Interspace 

о.о 

Author C —— — Ž » 

е 1 11 IH IV \ 
Caceres! 52 4e 2 5797. 2 — 52% 14 — 27% з= 6% 7 
Urban!’ 100 42547 4 6355307 рше 26 = 260; & — 5% 
Margottini? 80 41 — 6% £6 2709; 25:2 90% | = | Tak 
Total | 232 | 12374 ;c С 146 = 63% 92 = 40% | 29 = 19% = 5% 
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TABLE VI 


POSITION OF 325 INTERNAL MAMMARY LYMPH NODES IN 50 AUTOPSIES 








(From studies with Ranes Chakravorty) 
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RATIONALE ӨЕ INTRAVASCULAR IRRADIA- 
TION OF THE INTERNAL MAMMARY 
LYMPH NODES 


Experience with resection of the internal 
mammary lymph nodes has shown that 
most lymph node metastases are small and 
lie close to the arterv. Furthermore, the 
smaller the nodes are, the better the cure 
rates appear to be." 

To gain more information on the location 
of the internal mammary lymph nodes we 
carried out, together with Капез Chakra- 
vortv, careful dissections of the internal 
mammary lymph nodes in о autopsies. 
There were 325 lymph nodes found, 179 on 
the right and 146 on the left. As Table v1 
shows, 87 per cent of all lymph nodes lie 
within 1.0 cm. of the artery and 97 per cent 
within 1.5 cm. Most lymph nodes were 
found in the second interspace. 

On the basis of the figures given in Tables 
I-v, we feel that better results might be 
achieved with irradiation if it were con- 
centrated to the area around the artery, 
where most lymph nodes are located. This 
would make it possible to deliver a much 








higher dose than with roentgen therapy. It 
is a well-documented principle in radiation 
therapy that smaller volumes tolerate 
higher doses. 

After many attempts with various types 
of interstitial implants of the internal mam- 
mary lvmph node area, we developed a 
technique in which radioactive sources in a 
nylon catheter are inserted into the internal 
mammary artery. The internal mammary 
artery has to be ligated for this purpose. 
This is a harmless procedure, as has been 
shown by the many bilateral ligations of 
the internal mammary arteries for the 
treatment of coronary insufficiency. 

In the beginning of our work, we inserted 
radioactive sources 1п nylon tubes directly 
into the mternal mammary artery at the 
time of mastectomy.* As the next step, 
we adapted the technique for afterloading, 
which has shown distinct merits in other 
radioisotope applications.®’ If afterloading 
is used, neither radiologist nor radiation 

* Small Ir!* sources in nylon tubes, commercially available as 
"[riditope Ribbons for Removable Interstitial Implant Therapy” 


from E. R. Squibb and Sons, New Brunswick, N. J., are suitable 
for this purpose. 
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physicist is required during the surgical 
procedure, since the radioactive wire is in- 
serted at a later time. The surgeon intro- 
duces only an empty nylon tube into the 
internal mammary artery at the time of the 
mastectomy. After the patient has been 
returned to her room, the radiation thera- 
pist introduces the radioactive wire into 
the nylon tube, where it remains tor 5 to 8 
days, until the desired dose has been de- 
livered. This arrangement not only avoids 
all radiation problems in the operating 
room, but also leads to an ideal drvision of 
labor.* 

On the basis of our experience with inter- 
stitial implants and of studies in dogs, we 
concluded that a wire 15 cm. long with a 
total activity of 15 mg. radium equivalent 
(=10 me Co or 22.6 mc Ir) could be left 
in place for 7 days. This yields approxi- 
mately 2,500 mg. hr. radium equivalent and 
this dose has been used in most patients 
treated to date. 

With this dose we had no early or late 
complications in 50 cases treated since Jan- 
чагу, 1957. In some patients ervthema de- 
veloped on the skin overlying the internal 
mammary artery, but it subsided without 
sequelae. It might be possible to give much 
higher doses with our technique. In dogs, 
when we used doses three to five times 
higher, one year of observation showed no 
ill effects. 

Table уп shows the doses in r at various 
distances from the artery for 2,500 mg. hr. 
radium equivalent. They are based on cal- 
culations by H. Lechtman and on measure- 
ments by R. Garrett and E. Holodny of the 
Physics Department of the Memorial Hos- 
pital. The figures show that, up to 1 cm., 
higher doses are delivered with our tech- 
nique than with roentgen therapy. For 
small nodes close to the artery, our doses 
are several times higher than those with 
roentgen therapy. If it 1s assumed that 
patients with small lymph nodes lying close 


* Equipment and sources for the afterloading technique are 
not yet available commercially but the necessary nylon tubing 
and encapsulated (but not activated) cobalt or iridium wires can 
be obtained from the authors. 
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TABLE VII 


DOSES IN r FOR 2,500 mg. hr. 
RADIUM EQUIVALENT 








Distance from Artery Ре | 
l'issue Dose in r 














(cm.) 

0.25 19,000 
O.5 9,000 
1.0 4,200 
Lys 2,700 
2.0 2,000 
> Ж - I , §00 
3.9 1 , 300 
СЕ I , OCO 





to the artery have the best chances for cure, 
our technique might be more effective than 
roentgen therapy for patients with internal 
mammary lymph node metastases. 

If a well-controlled study could demon- 
strate that the results with our technique 
were better or at least as good as those with 
roentgen therapy, and were comparable to 
those of surgical resection, our technique 
would have many points to recommend it: 
Compared with chest wall resection, our 
technique takes only 5 to то additional 
minutes during the radical mastectomy; it 
is so simple that every surgeon can do it 
without special training; and it does not 
increase morbidity or mortality. Compared 
with roentgen therapy, our technique per- 
mits completion of the treatment while the 
patient is in the hospital for postoperative 
care, thus avoiding the time and expense 
involved in the postoperative course of 
roentgen therapy. Skin reaction and lung 
fibrosis are negligible with our technique, 
whereas, with conventional roentgen ther- 
apy techniques, late skin and lung changes 
are frequently observed. 


EQUIPMENT 


Figure 1 (Plate 1) shows a drawing of the 
radioactive source and of the nylon catheter 
for implantation of the internal mammary 
artery using the afterloading technique. 

The radioactive source is enclosed in one 
end of a 20 cm. stainless steel tube. The 
dimensions of this surrounding stainless 
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PLATE I 


Fic. 1. Drawing showing radioactive source (solid black bar) enclosed in a stainless steel tube (left) and the 
nylon catheter (right). 

Fic. 2. Surgical Procedure. Insertion of the empty nylon catheter into the internal mammary artery after 
completion of the radical mastectomy. 

Vic. 3. Radiotherepeutic Procedure. Introduction of the radioactive source into the previously inserted nylon 
catheter. 

Fic. 4. Composite drawing showing the position of radioactive scurces in the internal mammary artery in 
the first 33 app ications. 
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steel tube are: inside diameter, 0.15 mm. 
(0.006 inch) and outside diameter, 0.35 
mm. (0.014 inch). This is the size of a 
number 28 gauge catheter. An enclosure is 
necessary for most isotopes in order to 
decrease the beta radiation and to prevent 
contamination by superficial contact with 
the source. The end of the stainless steel 
tube which does not contain the active wire 
has a short bend, which ensures that the 
tube is introduced correctly. The radioac- 
tive source itself consists of a radioactive 
wire 15 cm. long, which has a diameter of 
only 0.125 mm. (0.005 inch), the same size 
as a Ко. 31 catheter. 

The zy/on catheter has an over-all length 
of 20 cm. and is made from nylon tubing of 
1.2 mm. (0.048 inch) outside diameter 
and a wall thickness of 0.2 mm. (0.008 
inch). This nylon tubing is pulled down 
over a 27 gauge stainless steel tube for a 
length of 15 cm. to an inside diameter of 
o.5 mm. (0.020 inch). This results in an 
outside diameter of 0.75 mm. (0.030 
inch), which is the diameter of a 21 gauge 
catheter and which, in our experience, is 
small enough to fit into the internal mam- 
mary artery of every patient subjected to a 
radical mastectomy. The 5 cm. of nylon 
catheter remaining outside of the internal 
mammary artery has its original diameter, 
which is 1.2 mm. (0.048 inch), the size of 
an 18 gauge catheter. The smaller end of 
the nylon catheter is sealed by heat. It is 
essential that the seal be complete, other- 
wise blood may enter the tube, thus pre- 
venting insertion of the wire and also open- 
ing a possible road for infection. We have 
obtained the best seal by applying the heat 
from a match. This seal withstands auto- 
claving. 


RADIOISOTOPES 


Table уш lists the radioisotopes which 
appear to be most convenient for this tech- 
nique. The radiation data are taken from 
the latest Table of Isotopes of Strominger, 
Hollander, and Seaborg.? Соё has the ad- 
vantage of a long half life of 5.24 vears, 
which necessitates a correction for decay 
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of only 1 per cent per month. Its disadvan- 
tage is the relatively hard radiation, which 
requires a thick-walled lead container. Ir!” 
is more easily shielded but its short half 
lite of 74.4 days makes a new wire necessary 
every month. The same is true for Ta!*, 
which has no advantage over cobalt, since 
the shielding problem is the same. The best 
choice, in our opinion, lies, therefore, be- 
tween Co*" and Ir!9?, Initially, we used Ir!” 
wires because iridium, with its greater neu- 
tron cross-section, can be made radioactive 
in the atomic reactor in 3 davs, while cobalt 
needs as many weeks. After we had estab- 
lished the most suitable dimensions for the 
radioactive wires, we used mainly Со. We 
also tried to obtain a Cs"? source, which 
has more suitable radiation characteristics 
than all other isotopes. However, at the 
present time, Cs??? sources are not available 
in the dimensions required for our tech- 
nique. 


SURGICAL PROCEDURE 


Figure 2 (Plate 1) illustrates the surgical 
procedure. 

Step 7. After the breast has been re- 
moved, a small transverse incision is made 
in the first intercostal space on the side of 
the mastectomy. The internal mammarv 
vessels are exposed without entering the 
pleural cavity. This requires only a few 
moments of blunt dissection with a sponge. 
The artery is identified and two sutures of 
ОО silk are passed around it and pulled in 
opposite directions. The upper suture is 
then used to ligate the internal mammary 
artery as close as possible to the first rib. If 
lymph nodes are encountered, thev are 
taken out for histologic studies. If no gross 
nodes are present, the fat pad in this area 
Is used for histologic studies. 

Step 2. A small transverse slit is made 
with a knife in the artery just below the 
upper ligature. Minimal retrograde bleed- 
ing usually occurs at this point. The nylon 
catheter, which is kept sterile and ready for 
use at any time in the operating room, is 
then inserted into the slit of the internal 
mammary artery and threaded down for a 
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TABLE VIII 


RADIOISOTOPES FOR INTRAVASCULAR IRRADIATION OF THE INTERNAL MAMMARY ARTERY IN BREAST CANCER 





| | | 






































T | v Gamma Beta | Irradia- 
adiaisotope | Symbol | Half Life State Production |,. 

Radiaisotope rm (ше Lines* Maximum Ї tion Timet 

Cobalt бо Lo” 5.24 yr. | 1.17 and о.31 теу. | s0% cobalt al- | Neutron 24 days 
1.33 mev. lov metal wire capture 

Iridium 192 [11% 74.4 Яа. | 0.26- 0.67 теу. | 30% iridium al- | Neutron 3 days 
0.61 теу. * loy metal wire capture 

Tantalum 182 | Ta!® |r15.1 аа. | 0.07- о.51 mev. | Tantalum metal | Neutron 
1.22 теу. * wire capture 

Cesium 137 Us! 26.6 yr. | 0.66 mev. | 0.51 mev. | Powder Fission 

* Lines which contribute less than 1%, to the gamma dose are not listed. 

+ Wires used by us kave a diameter of 0.125 mm. (0.005 inch) and are enclosed in a No. 28 gauge stainless steel tube with outer 


diameter ef 0.35 mm. (9.014 inch). 


{ To produce an activity of 1 mg. radium equivalent per cm. by exposure to a neutron flux of 1.3X 10! nv per ст.2 per second. 


length of 15 cm. to the flange of the nylon 
tube. This should be possible without ex- 
erting force. Any resistance is usually 
caused bv the end of the nvlon catheter 
being caught in one of the branches of the 
artery. In this case, the nvlon catheter 
should be retracted, rotated, and gently 
advanced again. The lower ligature is then 
tied around the artery and the nylon cath- 
eter below the s it in the arterv. 

Step 3. The cephalad end of the nylon 
catheter is brought out through the skin 
via a hypodermic needle or through an in- 
cision. It is important to place the needle in 
the right position. At least 1 cm. of the 
nvlon catheter should be outside of the 
skin. The distance between the point of 
emergence of the nylon catheter in the first 
interspace and the point of emergence from 
the skin shoulc be approximately 4 cm. 
The proper poirt is selected after the mas- 
tectomy incision has been temporarily ap- 
proximated. It ts important that the nylon 
tube not be bent sharply. 

Step 4. The nylon catheter is anchored 
to the skin by a special stainless steel but- 
ton secured to the skin by a silk suture. 
Proper anchorirg of the nvlon tube is 1m- 
portant because the nylon catheter easily 
slips in or might be pulled out inadvertently 
by the patient or by an attendant. Most of 


our minor problems with this technique 
were due to poor anchoring of the nylon 
tube to the skin. 

In a few cases, bilateral 
into the internal mammary arteries and 
implantation into the artery and vein on 
the same side have been carried out. The 
latter procedure appears useful if the vein 
is large enough. 


implantation 


RADIOTHERAPEUTIC PROCEDURE 


Figure 3 (Plate 1) illustrates the radio- 
therapeutic procedure. 

Step 1. Roentgenograms. It these are de- 
sired, they can be taken with a No. 30 wire 
suture in the tube. This avoids radiation 
exposure in the diagnostic radiology de- 
partment. Figure 4 shows the positions of 
such wires in 33 applications. The consider- 
able variation in the position of the internal 
mammary artery 1s evident. This makes a 
rather wice field necessary when roentgen 
irradiation 1s employed for treatment of the 
internal mammary chain. 

Step 2. Insertion of the Radioactive 
Source. This is usually done on the day 
following the radical mastectomy. The 
separate bandage over the nylon catheter is 
taken off. The radioactive wire is removed 
trom the lead container by clasping its top 
with a forceps; it is grasped near the lower 
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end with another forceps, as shown in Fig- 
ure 3. [n this way it is steadied and can be 
threaded easily into the nvlon catheter. It 
is pushed down till it comes toa stop against 
the bend. The radioactive wire is then 
secured to the nvlon tube with a small 
piece of adhesive tape. 

Step 3. Calculation. If 2,500 mg. hr. ra- 
dium equivalent is chosen as the standard 
dose, the application time in hours can be 
simply calculated by dividing 2,500 bv the 
total activity of the source. If, for example, 
the activity of the source is 20 mg. radium 
equivalent, the time is 2,500 mg. hr. ra- 
dium equivalent: 20 mg. radium equivalent 
=125 hours=s5 days and 5 hours. The 
activity of a Co" source decreases by about 
I per cent per month due to decay. This is 
most easily taken into account ba prepar- 
ing a table which shows the total time re- 
quired to give the desired dose of 2,500 mg. 
hr. radium equivalent for each month. 

Step 4. Removal. After the calculated 
time has passed, the radioactive source is 
pulled out with a long dressing forceps 
and is returned to the lead safe. The nylon 

catheter is then removed; this can be done 
by the surgeon at his convenience. 


SUMMARY 


Review of the work of Handley,’ Ur- 
ban," Margottini, Caceres! and Buca- 
lossi and Veronesi? showed that 3c per cent 
of the total number of their patients with 
breast cancer had metastases in the internal 
mammary lymph nodes. For outer quad- 
rant lesions the figure was 20 per cent and 
for inner quadrant lesions, 36 per cent. 
The second interspace was the most fre- 
quent site of metastases, with 63 per cent. 
Of patients with metastases to the internal 
mammary lymph nodes, 34 per cent sur- 

vived § vears after мск resection of the 
internal mammarv chain. 

A technique has been developed which 
permits radiation doses to lymph nodes 
close to the internal mammary artery— 
which are higher than those delivered bv 
conventional external roentgen therapy: А 
small, empty nvlon catheter is introduced 
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into the internal mammary 
time of radical mastectomy. On the next 
day, a radioactive wire is inserted into the 
nylon tube and left in place for 4 to 8 
days. A dose of 9,000 г can be delivered at a 
distance of 0.5 cm., and of 4,200 r at a 
distance of 1.0 cm. Autopsy studies dis- 
closed that 87 per cent of all lymph nodes 
lay within 1 em. of the internal mammary 
artery. Со?” appears at present to be the 
most suitable isotope owing to its long 
half life. 

3. The surgical procedure (insertion of 
the nylon catheter) adds only a few minutes 
to the time required for radical mastectomv. 
The radiotherapeutic procedure (insertion 
of the radioactive wire) can be dcne within 
à few minutes at anv convenient time, 
without significant radiation expcsure. The 
procedure is simpler, more economical, and 
produces less morbidity than svrgical re- 
section or roentgen therapy of the internal 
mammary chain. 

4. Since January, 1957, we have treated 
О чүге without complications. 

A well-controlled clinical study will be 
е to evaluate the efficacy of this pro- 
cedure. 


arterv at the 


Ulrich K. Henschke, M.D. 
Memorial Center 

444 East 68th Street 

New York 21, New York 


We wish to express our thanks to Dr. Ranes 
Chakravorty, Dr. Edwin Ellison, Mr. Ross 
Garrett, Dr. Revnaldo peso. Dr. Basil 
Hilaris, Mr. Edward Holodny, Dr. Arthur 
James, Dr. John Laughlin, Miss Heather 
Lechtman, Dr. James Nickson, Dr. George 
Pack, and Dr. Jerome Urban for their sugges- 
tions and cooper ation. 


REFERENCES 
BrasrieLD, R. D., and Henscuke, U. K. Treat- 
ment of internal mammary lymph nodes by 
implantation of radioisotopes into internal 
mammary artery. Radiology, 1953, 70, 259. 
2. BrasrieLD, R. D., and НЕхзснкЕ, U. K. Radio- 
isotope implantation into interni] mammary 
vessels for breast cancer. Surg. Forum, 1959, 
ГО, 62-63 


BucaLossr, P., and Veronesi, U. Long-term re- 


„ә 
: 


VoL. 8¢, No. 5 
sults of radical mastectomy with removal of 
internal mammary chain. Acta Unio internat. 
contra cancram, 1959, 15 1052-1055. 

a. Caceres, E. Radical mastectomy with resection 
of internal mammary chain. Acta Unio in- 
ternat. contra cancrum, 1959, 15, 1001—1007. 

. HaxprEv, К. S. Prognosis according to involve- 
ment of internal mammary lymph nodes. 
Acta Unio taternat. contra cancrum, 1959, Fs, 
1030-1031. 

б. Hesscuke, U. K., James, A. G., and Myers, 
W. С. Rad ogold seeds for cancer therapy. 
Nucleontcs, 1953, 11, 46—48. 

-. Нехѕснке, U. K. “Afterloading” applicator for 


A 


Intravascular Irradiation 


859 


of Lymph Nodes 6 
radiation therapy of carcinoma of uterus. Ra- 
diology, 1960, 74, 834. 

8. Marcovrint, M. Arguments in favour of super 
radical operations for carcinoma of breast. 
Acta Unio internat. contra cancrum, 1959, 15, 
1037-1039. 

9. SrRoMixGER, D., HorraNpzn, J. M., and SEa- 
BORG, G. T. Table of isotopes. Rev. Mod. Phys- 
ics, 1958, 30, 585—904. 

то. Urgan, J. A. Clinical experience with excision 
of internal mammary lymph node chain in pri- 
mary operable breast cancer. deta Unio in- 
ternal. contra cancrum, 1959, 75, 11769-1184. 

тї. Unnaw, J. A. Personal communication. 





Mav, 1961 


TREATMENT OF LOCALLY ADVANCED CARCINOMA 
OF THE BREAST WITH ROENTGEN THERAPY 
AND SIMPLE MASTECTOMY* 


By HAROLD L. ATKINS, M.D., and W. DONALD HORRIGAN, M.D.1 


NEW YORK, NEW YORK 


HE application of strict. criteria. of 

operability to patients presenting with 
carcinoma of the breast results in a sig- 
nificant percentage found unsuitable for 
radical mastectomy. The Haagensen? clini- 
cal criteria of operability as well as the 
triple biopsy are used at the Presbyterian 
Hospital in New York City to determine 
the suitability of patients for radical mas- 
tectomy. The triple biopsy consists of 
biopsy of the primary tumor, the apex of 
the axilla and the internal mammary lymph 
nodes of the first three intercostal spaces. 
If the highest axillary or internal mammary 
lymph nodes are found to be involved with 
tumor, radical mastectomy is not per- 
formed. A positive supraclavicular lymph 
node also places the patient in the inoper- 
able category. 

On the basis of clinical examination 
alone, it has been found that 74.4 per cent 
of breast cancer patients are in the operable 
group. However, after biopsy of the 
regional lymph node filter, the operability 
rate is reduced to 50.6 per cent.? Conse- 
quently, there is referred to the Presby- 
terian Hospital Radiotherapy Department 
for primary treatment of this disease a 
considerable number of patients who might 
be classified as operable in institutions 
where the strict application of Haagensen’s 
criteria and the triple biopsy are not em- 
ployed. 


METHOD 


Some radiotherapists have recommended 
that a simple mastectomy be done when the 
breast is large and the lesion is in a favor- 
able position, in order to facilitate roentgen 
therapy. However, this has not been a 


standard procedure in this institution since 
it 1s considered that, in some patients, 
simple mastectomy is not feasible. In eval- 
uating various methods of therapy for the 
inoperable breast, this factor necessarily 
introduces an unavoidable bias in that the 
groups are not strictly comparable. 

Since 1950 there has been a relatively 
uniform plan of therapy for the inoperable 
patients. The MeWhirter^* technique of 
treating the chest wall (and breast when 
mastectomy has not been done) through 
opposing tangential portals has been used. 
The lateral limit of the irradiated volume is 
at the posterior axillary line and the medial 
limit is usually 2-3 cm. on the contralateral 
side of the midline so as to include the 
ipsilateral internal mammary lymph node 
chain. When the patient is large, the in- 
ternal mammary lymph nodes are treated 
by a separate ez face portal. The supra- 
clavicular and axillary regions are included 
in Opposing anteroposterior portals. The 
total amount of radiation delivered 15 deter- 
mined by skin tolerance, usually 4,250 r in 
three weeks. Recently we have changed our 
plan of therapy so as to deliver to the skin 
4,250 r in four weeks, although certain var- 
lations were made in this plan in order to 
fit particular situations. Radiation was 
delivered by the 250 kv. unit with a halt 
value laver of 1.5 mm. of copper. 

When the 22.5 mev. betatron was ac- 
quired for clinical use in 1955, an increasing 
number of patients was treated with that 
unit. Because of an apparent biologic dif- 
ference in the behavior of the skin at this 
energy level, as well as the ease in achieving 
a homogeneous distribution of radiation, 
the dose was increased to 5,000 r in four 


* From the Department of Radiology, Presbyterian Hospital, New York City and Columbia University College of Physicians and 


Surgeons. 
1 Trainee, National Cancer Institute. 
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weeks with the same tangential fields as 

those used with the 250 kv. unit. A single 

anterior feld is sufficient to achieve the 

desired supraclavicular dose. Lucite and 

water boli are used when indicated. 
RESULTS 

We have been interested in reviewing our 
experience since 1950 in order to determine 
the results of radiation treatment in those 
patients who cannot be cured by the stand- 
ard radical mastectomv. We also wish to 
determine the ability of radiation to con- 
trol the local disease. It is obvious that, in 
а verv large number of these patients, sub- 
clinical spread has alreadv occurred which 
will result in metastases bevond the field of 
local irradiation. 

Our patients fall into two main groups: 
those treated initially by simple mastec- 
tomy followed by postoperative roentgen 
therapy and those treated by roentgen 
therapy alone. Within these two groups, a 
further subdivision can be made according 
to the energy level of the radiation used. 
Patients were evaluated for three and five 
vear survivals, for the percentage with local 
recurrence or persistence, and for the 
complications atrributable to radiation. 


SURVIVAL 


A total of 7g patients is included in this 
review (Table 1). Of this group, 43 have 
been followed tor five vears, and g of the 
43 have survived for five vears or longer, 
a five vear survival rate of 20.9 per cent 
(9,43). Three patients in this group were 
considered inoperable for medical rather 
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than clinical reasons. Two of these patients 
survived five years. If these cases are elimi- 
nated from the totals, the survival rate 15 
17.5 per cent (7/40). It is interesting to 
note that these 3 patients were treated bv 
simple mastectomy and postoperative 250 
kv. roentgen therapy. 

A larger number of patients 1s available 
for three vear survival statistics. Sixtv-two 
patients were treated three or more vears 
ago; 23 survived three vears or longer, a 
three year survival rate of 37 per cent 
(23/62). Elimination of the 4 operable pa- 
tients in this group results in a corrected 
three vear survival rate of 32.8 per cent 
(19, 58). 

In analvzing the survivals, a marked dif- 
ference is found between those patients who 
were treated bv roentgen therapy onlv and 
those patients who had simple mastectomy 
followed by roentgen therapy (Table и). 
The three vear survival rate for patients 
having reentgen therapy only 15 31.7 per 
cent (13/41) and the five year survival 
rate is 10.7 per cent (3/28). Patients under- 
going simple mastectomy followed by post- 
operative roentgen therapy have done con- 
siderably better. The survival rate for these 
patients at three vears is 47.6 per cent 
(10/21) and at five years, 33.3 per cent 
(4713 y. 

The difference in survival between the 
two groups appears to be significant, al- 
though one would hesitate to subject these 
heterogeneous groups to statistical analvsis. 
It must be borne in mind that the patients 
submitted to simple mastectomv are not 
strictly comparable to the nonoperated 


TABLE I 


INOPERABLE CARCINOMA OF THE BREAST 


OVER-ALL SURVIVAL AT PRESBYTERIAN HOSPITAL, I950- 1960 





Three Year Survival 





Five Year Survival 





Average Age 





No. of Cases Per Cent No. of Cases Per Cent 








Total No. of Cases 79 $5.1 
Corrected Figures* 





25/62 ATE 
19/58 32.8 





9/43 20.9 
7/40 17.5 





* Totals after the elimination of cases which were inoperable for medical reasons. 
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Tase П 
INOPERABLE CARCINOMA OF THE BREAST 
COMPARISON OF SURVIVALS AT PRESBYTERIAN HOSPITAL, 1950-1960 
"P Three Year Survival Five Year Survival 
à No. of Average 
Treatment Cases m —— — 
TUN V No. of Cases Per Cent No. of Cases Per Cent 
Roentgen Therapy Only 56 853.6 13/41 1t. 3/28 10.7 
Simple Mastectomy plus 
10/21 7.6 4/12 59 


Roentgen Therapy 23 82.6 














patients, Thus, significant analvsis cannot 
be achieved. 


LOCAL RECURRENCE RATE 


The local recurrence rate 1s based on all 
patients surviving three or more vears or 
demonstrating recurrence before three 
vears. Local persistence or recurrence often 
is difficult to establish, and differentiation 
of fibrosis and scar tissue from tumor is not 
alwavs readily accomplished. 

There is a notable difference in the 
rate of local recurrence or persistence be- 
tween the two groups (Table ти). In those 
patients submitted to simple mastectomy 
followed by roentgen therapy, it 1s 16.7 per 
cent (2/12); in patients treated with roent- 
gen therapy only, it is 87 per cent (34/39). 
The primary tumor in many instances 
shrank or disappeared only to become ac- 
tive at a later time. 

By reviewing the clinical status prior to 


the institution of therapy, an attempt was 
made to determine which of those patients 
who did not have simple mastectomy could 
have had such an operation. Of the 56 
patients who were treated with roentgen 
therapy only, 30 probably could have had 
a simple mastectomy. Of these 30, 17 had 
local recurrence (56.8 per cent). Of the 13 
who did not have local recurrence, only 3 
have survived three vears or more. There- 
fore, the adjusted local recurrence rate is 
85 per cent. It thus seems likely that this 
rate could have been reduced had a simple 
mastectomy been performed. 


COMPLICATIONS 


Complications have been of little clinical 
significance and have consisted primarily of 
radiation pneumonitis with the subsequent 
development of pulmonary fibrosis. In the 
majority of cases, this was asymptomatic. 
One case of skin necrosis was noted with 


Taste III 


INOPERABLE CARCINOMA OF THE BREAST 
LOCAL RECURRENCE AND COMPLICATIONS AT PRESBYTERIAN HOSPITAL, 1950—1960 





Local Recurrence 














Complications 
No. of Cases Per Cent No. of Cases Per Cent 
Roentgen Therapy Only (a)* 17/58 85. 
(bt 17/19 89.5 
Total 34/39 87.2 3/56 ae | 
Simple Mastectomy plus 
16.7 7/19 37.0 


Roentgen Therapy 2/12 








* Could have had simple mastectomy but did not. 
1 Unsuitable for simple mastectomy. 
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TABLE IV 


INOPERABLE CARCINOMA OF THE BREAST 
COMPARISON OF SURVIVALS FOR INVESTIGATORS USING VARIOUS METHODS 














Three Year Survival Five Year Survival 











Method Investigator Бш ot Per p Per 

Cases Cent Cases Cent 

Radical Mastectomy Atkins! 7/43 16.3 
Roentgen Therapr Only Nohrman? rex EU 1/123 0.8 
Roentgen Therapy Only Baclesse? 39, 117 3345 7/48 14.6 
Roentgen Therapy Only Present study 13, 41 31.7 3/28 10.7 
Simple Mastectomy plus Roentgen Therapy Present study 10, 21 47.6 4/12 334 
Simple Mastectomy plus Roentgen Therapy McWhirter’ 162/546 29.7 


eventual healing. The difference in the 
incidence of complications between the 
group submitted to simple mastectomy 
tollowed by roentgen therapy (37 per cent) 
and those patents treated with roentgen 
therapy only (5.4 per cent) is difficult to 
explain (Table їп). Since the radiation 
pneumonitis was practically always con- 
fined to the upper lobe, it presumably was 
due to the radiation from the supraclavicu- 
lar portals. The dose in the two groups of 
patients should have been similar. 


DISCUSSION 


We have compared our survival figures 
with those obrained by others working in 
this field (Table 1v). Two fairly extensive 
studies are those of Atkins! and Mc- 
Whirter.’ Atkms has utilized radical mas- 
tectomy almost exclusively and has ex- 
tended this procedure to many patients 
who would be considered inoperable in our 
institution. Of his Stage 111 cases which fit 
into the group we are discussing, Atkins 
reports а 16 per cent five vear survival. 
In MeWhirter's series of Stage 11 cases 
treated with simple mastectomy plus radia- 
tion, there was a 30 per cent five vear sur- 
vival. 

In comtrast to these results are the sur- 
vival figures given by Nohrman.^? In his 
operable cases treated only with radiation, 
he had 31.3 per cent three vear survivals 
апа 12.5 per cent five year survivals. Of 





his inoperable cases treated with radiation 
only, he had 5.7 per cent three year sur- 
vivals and 0.8 per cent five year survivals. 
Baclesse's? survival rate at five years for 
Stage MI Cases is 14.6 per cent for patients 
treated by roentgen therapy alone. 

As stated previously, comparison of the 
two greups (one treated by roentgen ther- 
ару only and one treated by mastectomy 
plus roentgen therapy) is difhcult. How- 
ever, Mamy patients are seen who have had 
a good initial response but who have re- 
growth o! residual breast masses years after 
completion of roentgen therapy. The local 
situation then frequently becomes very dif- 
ficult and soon thereafter generalized dis- 
ease may develop. It 1s perhaps possible 
that the reactivation of disease 1s associated 
with a general decrease of tumor resistance 
by the host. Possibly, if all patients who 
were suitable had a simple mastectomv, 
the survival rate might improve. Certainlv 
many of the problems associated with local 
disease would be decreased. 

A review of this material indicates that 
roentgen therapy alone is unable to control 
or eradicate the primary tumor in the 
majority of cases. This 15 a strong argu- 
ment in favor of simple mastectomv, either 
before or after roentgen therapv. Two of 
the patients treated within the past five 
vears with the betatron have subsequentlv 
had a simple mastectomv because of per- 
sistence of local disease. In one instance, 
the surgerv was performed four years fol- 
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lowing the original irradiation, while, in the 
other instance, it was performed two vears 
after roentgen therapy. In both patients, 
no postoperative complications were noted 
resulting from prior irradiation of the tis- 
sues. 

The enhanced survival and lower local 
recurrence rate following simple mastec- 
tomy and roentgen therapy seem to sub- 
stantiate McWhirter’s contention chat the 
lymph nodes are more sensitive to radia- 
tion, while the primary tumor is more re- 
sistant. 


CONCLUSIONS 


Harold L. Atkins and W. Donald Horrigan 


May, 1961 


the patients who had both simple mastec- 
tomy and roentgen therapy. 


Harold L. Atkins, M.D. 

Department of Radiology 
Columbia-Presbyterian Medical Center 
622 West 168th Street 

New York 32, New York 
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SOME CONSEQUENCES OF PUL- 
MONARY IRRADIATION* 


By GEORGE COOPER, Jr., M.D., JOHN L. GUERRANT, M.D., 
A. GARDNER HARDEN, M.D., and BAVID TEATES 


CHARLOTTESVILLE, VIRGINIA 


N NOVEMBER, 1921, a paper by 

Groover, Christie, and Merritt? was 
read to the Section on Radiology of the 
Southern Mecical Association, the chief 
purpose of which was to compare the clin- 
ically tried filter of 6-8 mm. of aluminum 
and the relatively new filter composed of 
о.5 mm. of copper superimposed on 1 mm. 
of aluminum. in the course of the discus- 
sion, they noted that in a number of their 
breast cancer patients an irritative cough 
accompanied tae appearance of skin reac- 
tion, and tha- dyspnea and pulmonary 
changes demonstrable in roentgenograms 
often followed shortly thereafter. They ex- 
pressed the opinion that the rapidly spread- 
ing infiltration. which usually resolved, at 
least partially, and was followed by fibro- 
sis, represented an effect of radiation rather 
than, as had been generally assumed, me- 
tastases. They stated that, in view of the 
question they had raised, “It is at once ap- 
parent that it 15 of vital importance to de- 
termine the significance of these pulmonary 
phenomena.” Today that determination 1s 
still in process. 

It has long been recognized that the 
opinion offered in 1921 by Groover, Chris- 
tie, and Merritt was correct. Irradiation of 
pulmonary tissue produces a reaction 
which, if it is of sufficient intensity, 15 mani- 
tested in the rozntgenogram as a hazy infil- 
tration in the acute stage, followed by 
varying degrees of resolution and transi- 
tion to fibrotic strands and loss of lung vol- 
ume. Sometimes pleuritis, with or without 
effusion, is an additional complication.!? 

The pathologic changes have been care- 
fully studied.’ ?°-? The acute reaction, 
which usually reaches its peak one to two 


months after irradiation, 1s characterized 
by degenerative and inflammatory changes 
consisting of a hvaline membrane adherent 
to the alveolar wall, hvalinization of al- 
veolar and arteriolar walls, edema of al- 
veoli and supporting elements, desquama- 
tion of alveolar cells, endothelial swelling 
and thrombosis in capillaries, and fibrosis 
in all tissues. Resolution 1s accompanied Ьу 
further fibrosis, vascular obliteration, slight 
bronchial proliferation, sclerosis of con- 
necting tissue, and varying amounts of cal- 
cification. This process results in the loss of 
cilia, increased secretions, areas of atelec- 
tasis anc compensatory emphysema, in- 
creased cellularity of the alveolar walls, 
congestion and edema, secondary infection, 
more fibrosis and atelactasis, апа bron- 
chiectasis. 

The patient who survives the acute reac- 
tion is, at the least, less able to tolerate res- 
piratory infection, and may be severely 
crippled. 

The sequence of events 1s thoroughly un- 
pleasant, and the fear of inducing it hangs 
over and handicaps the radiologist when he 
must irradiate pulmonary tissue in order to 
treat a malignancy. 

Clinical experience has shown a poor 
prognostic correlation between symptoms, 
roentgenegrams, and degree of pulmonarv 
injury. There is, therefore, interest in de- 
termining whether phvsiologic evaluation 
of pulmonary function is useful in planning 
and carrying out a program involving ir- 
radiation of pulmonary tissue. 


REPORTS OF PULMONARY 
IRRADIATION INJURY 


In reviewing this subject, it quickly be- 


* From the Departments of Radiology and Internal Medicine, University of Virginia School of Medicine, Charlortesville, Virginia. 
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comes apparent that the percentage of pa- 
tients in whom pulmonary injury is de- 
tected is in proportion to the care taken in 
the search. A thorough evaluation by Bate 
and Guttmann? of о patients with carci- 
noma of the breast who had been treated 
with 2 mev. roentgen radiation «detected 
evidence of injury in 40 patients. Available 
data!—1:13-24 leaves no doubt that, if it 1s 
necessary to irradiate pulmonary tissue to 
treat a malignancy, lung damage of some 
degree is inescapable. Obviously, the radi- 
ologist must determine the dosage for an 
individual case by weighing the expected 
lung injury against the expected tumor in- 
jury. 

It is also obvious that the degree of in- 
jury is a measure of the biologic effect of 
the radiation, so that it depends, not just 
upon total dosage, but upon the rare of de- 
livery,™! the quality of the radiation,®!!)% 
and the volume of lung irradiated.* ?.!! 

Furthermore, the deleterious ettect of a 
given dosage as measured in rads depends 
upon the condition of the lungs before ir- 
radiation. Freid and Goldberg!’ note that, 
in their experience, atherosclerosis in- 
creases risk. Some feel that the hazard in- 
creases with age, others disagree.!:! 
However, it would seem reasonable to ex- 
pect the pathologic effects of radiation in- 
jury to be tolerated less successfully bv tis- 
sues 1п which the blood vessels have al- 
readv been altered by atherosclerosis and 
ageing. And as Warren?! has pointed out, it 
would also seem reasonable to expect any 
pre-existing pulmonary pathology to in- 
crease risk because, in the patient with em. 
physema, bronchiectasis, atelectasis, lung 
infection, and pleural or pulmonary fibrosis, 
the inflammatory, degenerative, and fibrot- 
ic consequences of irradiation would ag- 
gravate the condition. 


METHOD AND MATERIAL 


From the foregoing, it is evident that so 
many variables are involved in an indi- 
vidual case that the radiologist cannot ex- 
pect exact treatment planning guides to be 
devised. In an effort to evaluate the useful- 
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ness of the procedure, we studied the 
physiologic function of the lungs before, 
during, and after pulmonary irradiation in- 
cident to treatment of carcinoma of the 
breast, lung, and several miscellaneous 
malignancies. At the same time, serial 
roentgenographv and careful clinical esti- 
mation have been carried out. This study 
has been under wav for fifteen months. The 
rapid deterioration of many lung cancer pa- 
tients, their physical inability to undergo 
the tests, and the unwillingness of a num- 
ber of others to do so, have combined to 
make the accumulation of data a slow 
process. During the fifteen months, two 
sets of tests have been obtained in 11 pa- 
tients and three or more in another 17. 
Wherever possible, the physiologic evalua- 
tion has consisted of three tests—timed 
vital capacity, maximum breathing capac- 
ity, and arterial oxygen percentage satura- 
tion. 

The first two tests evaluate ability to 
move air, the third measures alveoli-capil- 
lary diffusion capacity. These particular 
ways of estimating two aspects of pul- 
monary function were chosen because the 
equipment with which to perform them 
was available and because most patients 
can undergo them comfortably. For the 
benefit of those engaged in similar studies, 
the complete physiologic data in the 17 pa- 
tients who have had more than two sets of 
tests are presented in Table т. 

The breast cancer patients received 
3,000-4,500 r tissue dose in three to five 
weeks at 3-5 cm. depth in the axillary, 
supraclavicular, and internal mammary 
lymph node regions. This was given with a 
Co teletherapy unit. Using roentgen rays 
of a half value layer of 8.0 mm. Al, an ad- 
ditional dose of 2,000-2,500 r as measured 
In air was given to the chest wall. 

The lung cancer patients received 4,600- 
5,800 r tumor dose in forty-two to sixty 
days. This was given with a Co" telether- 
apy unit. Evans? has recently reported 
that protracting the course of radiation for 
sixty days results in minimal pulmonary 
radiation reaction. Unfortunately, how- 


867 


(2204 xətt но рәнициог)) 


"ләр Ul 


чоңу әйүулиәздәч пәЗАхо үрәм = Qv 
PORES [VILA pour рцозә$з-дәлц}= (К)уДА 


tanuru Jad лә} ut *A11owdv3 Яшцавәлд шташхеш = оя 
'simur'Ajpoedve»]vgA-2A s 





lation 


Pulmonary Irrad 








tto OV 
reg эчи 
== (SVOA 
crt JA 


(‘our gtr) 


























VoL. 85, No. § 











вәл jo 























sun jo 


Зит 





лип jo 


suny Jo 





SHYIUOIG TO 





snyouoiq jo 














лип jo 





Yi" SO OV - OV "- OV = OV = OV 5 
з ОЧА 9'fS DAW 9`8/ HIN 9'86 DAWN tii Ояи 810 DAW 
— (E)OA = (Œ)3A st (HOA n (OA e (S)OA 
gif DA git OA 9't ЭА 1t OA ey DA o't ЭА | gwoupe [ejonperju] TNN 
254788 OV Ye" E6 OV 29 70 OV 
g'or HIN бог DAN соот DAN осот DAN 
P (EQOA Md (E)OA c't (8) 9А 
LUE ЭА с'р ЭА с`ў JA or VA RWOULIT piourtopid^p WoW A 
m Е | i (ouo — ov © %0"zó С ОУ 201708 OV. ini 
Frog Jain 0:45 OIN 2719 OIN Lu OIN 
- ($ MT cc (SOA $ '€ (ОА 
9'1 OA sc DA Ez JA 9'c JA | JO vuoupire»ouopy ҸҸ 
| изо — oy | 2696 сү | о — (ү (do | 
Lt JN S49 OIN 1708 DAN 5°88 DAN 
e't (ЕА c't (EJJA Lt (ОЛА 
б*© JA Le 9A o't JA reg JA LUOL ртошдәр ч Гү 
//0' 00 OV p OV 220 10 OV == OV %9 £0 OV i OV 
094 UIN JUIN 1790 эчи == DAN оо DAN er ЭЧИ 8'00 JAIN 
— (S)OA = (Е) Әл I't (SOA = (“OA ree (EJJA = (EQOA | 
"Е OA = 9A re 3A = ОА LS OA cre JA 274 OA | шошо ploudopidy "ТУИ 
(ош $01) 
Ys £0 OV 05 c0 OV 254° 88 OV HI TO OV oot zO OV 
27809 OIN 100 JAN q'49 OU IN c'tg OIN £'19 HIN 8°99 OIN 
== (WA 1c (E)DA 0*1 (POA g'z (Œ)DA Le (VA 
I'c OA cre OA o'z OA O'z ЭА O'z OA bee DA | шошо powpidy уу) 
%©'98 ОУ к= OV 008 ' 16 OV 002798 ОУ | 
o'tE QEIN ye QUI E'LS JAW бет JAW £10 ОЧА 
9'1 (ОА = (8) )А be (EQOA се (8) 9л 
үе OA = OA S'E JA re DA 9'* OA | wuoupaeo prouuapilq "gf 
мө оү | со оу | 9589 оу | 95:6 осу OV | 
чыш ef IN 2 bs I Qu IN жы QUA "a I 88 A (n " 1'66 DAN 
1 JY ч 24 ae JA : е Э, " JJ 
I't 9A cv 3A 9't QA o't Ji QA 9f DA | wuoupaeo powpdy ү" 
ME - dn-yooy.) uone dn-32347) uone Чтп-узәцгу цор uon vip. uonviprui 


-1р®дл]зо,] uow 
amy 1® Sanje A 








xNOLLVIGQVOWWI WH.LIV ANV 


-Ipeuisoq UON 
YIG 1P SINIPA 


-Ipeiinsoq цор 


aanpp I SNPA 


10 uorjo[duiro.) 
ye sanje A 





310]9q san[vA 





ПОА 


ЯЧОАЯЧЯ 51531, NOILONNA ЛҸУМОИТПАа iO 51711539 Ҹ 


зәпүе А pojorpouq 








May, 1961 





























("our t1) 











(‘Our гт) 











Cooper, Guerrant, Harden and Teates 
| 
| 








snaevydosa 


Jo vuiouro1e2 рюшләра L'H 


sasvjsvjour 1v[n 
-1лъ[эвлатѕ цул xuAadeqdoseu 
jo ®шөшәлеэ onsv[deuy ‘ат 





150914 10 
ъшошэлво [RINpRAUT “PNT 














потѕәү [ersour 
ЦИМ JSRaIG JO тшошәоле у S'N 








750914 
Jo вшоцэлвэ snoutron]N ‘d'A 





5ә5ю1] 
-svjour AIRI[IXR t[jl^ js?24q JO 
RPWOULIRD |vjonpenu] "JN Hf 














sob SE әш epp bs 
UI JSVoIg Jo BUOULIIRS "WI 





jsea1q Jo 
vurouto1e2 резэпрецит ^q 2^ IN 











¥49° tO OV 208 102708 OV 
r't6 DAN git Ores ӘНИ C'SOI 
o't (EDA pt o`t (дА | 
[X JA F°¢ e^t JA 6° 
DN | OV £°06 OV ¥,0° 20 OV Ye na 10 OV 
9°09 OA єсо/ ЭЧИ 959 OIN 6'g 6709 ЭЧИ 17811 
Lc (S)DA 1f (©) ОЛ O'z (Œ)DA 9t LS (£))A 
vt ЭА LE JA git ОА 9't PUT DA or 
MWe БО OV Yah’ EO OV | vot" V £0 OV 
O' 106 JAW O° 18 Jaw PLE 0`©6 O8 IN q't4 
ge (£).)A O`z (©) Л D (£).)A 
O'z JA o't JA ree gre JA Lee 
Ex OV == ОУ сне: OV OV 
LL HIN 1701 Чи t'69 JI t t'15 JAW z'ot 
zz (OA I'c (OA o'z (EQOA ove rt (OA 
gre JA tz JA gre JA SUE 9't JA gre 
ско OV %28 ` 08 OV ast 2710 OV 
1'55 QN 8'88 nan t'O9 o° Lg Qu IN озы 
JA - JJA а m JOA 
8`1 QA gil OA 8 SUI DA eg 
2098 708 OV dias OV Ye" SO OV ¥99° 90 yt" SO OV 
O° gor TAIN = DEN I'toI QUN 1'46 L*'IOI DAEN 6't«q 
= (QOA = (JOA — (QQOA = re (*))A 
o't JA a JA - JA re St JA ove 
%87 ES OV dott yy OV 
ia EY c' tor Lr RW Q'ccI 
Ji. t). ), t v JJ; 
er JA yi £i JA Lt 
Vos OR OV YF" yg OV F00 OV 951't06 bat TO OV 
o'ot HIN L'Oz ЭЧИ] c'it Jan Lut 9'tt OIN 1'59 
== (®)ОА == (*))9A == (£)DA o'I (Е) ЭА 
50 eu V'I JA fI JA I'I £'I JA fre 
00 RS OV “rh ФУ to OV 006 `6 
S°?er JAN `6 o'tzi1 HW L'SÓ 
gre (ОЛ c't © t (SOA А 
а A. tUe t'e jA It 
dn-32523Q.) uone dn-N293u.) uone dn-325234.) uone | uonvipeui | КОӨ | 
-Ipeairjsoqd quoq -Ipeiisoq yWoyy -Ipeiinsogd чор jo uorjo[duio-) Руса $ jh d son|PA po3orpa4q 
3UIN 1? SMA XIG 1? SINJLA IJL 1? sone) e SINJA PH IA 





jsva1q Jo 
ъшошэвэ [qejnpeuu[ "ACT 








868 


(pauuiguo2) | 318v |, 


Vor. 85, No. 5 Pulmonary 
ever, when a patient is away from home 
and his means are limited or he is receiving 
welfare support, extra protraction may be 
economically impractical. 


DISCUSSION 

Reported experiences in humans,! ^! 9! 
chiefly in. breast cancer patients, indicate 
that acute pulmonary radiation reaction 1s 
accompanied bv decreased alveoli-capillary 
difusion, but that the diffusion capacity 
returns nearly to normal as the reaction re- 
solves. They indicate that the maximum 
breathing capacity is usually moderately 
reduced, the vital capacity is sharply re- 
duced, and the disturbance in function 15 
persistent. However, in § patients with 
bronchogenic carcinoma, Catterall and 
Ogilvie’ noted an improvement in diffusion 
capacity, maximum breathing capacity, 
and vital capacity four months after ir- 
radiation. 

Concerning circulatory changes resulting 
from irradition of the lungs, reported ex- 
periences are conflicting. Right sided heart 
failure did not occur in anv of the patients 
of Warren and Spencer;” Stone et a/.!? de- 
scribed 1 case; Freid and Goldberg!’ found 
hypertrophy and dilatation of the right 
heart in 6 of 3 patients with pulmonary 
radiation fibrosis who came to autopsv, 
though there was clinical evidence ot right 
sided heart failure in onlv 3. 

Sweanv ef al?’ have studied experi- 
mental pulmonary radiation injury of mod- 
erate severity in dogs. In the first few weeks 
after irradiation, they found no important 
changes in pulmonary physiology, but after 
six months there was a decrease in diffusion 
capacity, functional residual capacity, and 
lung compliance. Some of the animals devel- 
oped an increase in pulmonary vascular re- 
sistance, and in one instance the small pul- 
monary arteries were narrowed by endo- 
thelial proliferation. 

As vet, a large series of humans whose 
lungs have been irradiated has not been fol- 
lowed over a long period to determine the 
full effect upon pulmonary physiology. 
Therefore, this study will be continued. 
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The data to date permit some preliminary 
observations. 

Both tl e intensive irradiation of lung tis- 
sue Incident to treatment of lung cancer 
and the noderate irradiation incident to 
treatmen- of breast cancer have so far been 
tollowed by no recognized right sided heart 
failure ard by few important respiratory 
symptoms or infections, although all of the 
lung cancer patients and 5 of the 8 breast 
cancer p: tients developed radiation reac- 
tions of sufficient severity to be demon- 
strable in roentgenograms. In view of the 
seriousness of the diseases for which the 
treatmen-s were given, the complications 
have beer acceptable. 

The prompt recurrence and metastatic 
spread of most lung cancer lead to such 
rapid deterioration of its victims that the 
accumulation of data showing the long 
term effect of heavy irradiation upon pul- 
monary phvsiology must be a very slow 
process. Jnce recurrence has developed 
within the thorax, 1t 1s impossible to sepa- 
rate the physiologic disturbance due to dis- 
ease from that due to irradiation. 

In gencral, when the lungs were normal 
before imadiation, the severity of un- 
toward changes, whether measured bv 
phvsiolog c tests, clinical symptomatology, 
phvsical signs, or roentgenographic find- 
ings, was in proportion to the amount of 
radiation given to pulmonary tissue. 

When 1 lung was the site of a primary 
malignancy, if the growth was even mod- 
erately г: diosensitive, the improved func- 
tion inciGent to 1ts reduction usually more 
than compensated for the disturbance 
caused b- the heavy irradiation, until the 
tumor resumed activity (Fig. т, 7D). 

However, 2 patients, 1 with lung cancer 
and 1 wi h breast cancer, who had severe 
pulmonary abnormalities other than pri- 
тагу maagnancy, tolerated irradiation less 
successfu lv than the others. 


СА$Е 1. А patient, J.D.B., had an epidermoid 
carcinoma of the bronchus and also severe 
asthma ала emphysema with polycythemia 
vera, anc generalized arteriosclerosis. The 
clinical picture, physical signs, vital capacity, 
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Fic. т. C.C.C., a patient with a bronchogemic carcinoma of the right main stem bronchus, (4 and B) before 
irradiation, (C) three months after irradiation, and (D) nine months after irradiation. In spite of the severe 
pulmonary radiation reaction, the ventikitory capacity has improved steadily. The diffusion capacity was 
diminished three months after irradiation, but was back to the preradiation level six months after irradia- 
tion. Before irradiation, the patient had, among the other usual complaints, a severe cough and could 
climb one flight of stairs only with great difficulty because of shortness of breath. At three months after 
irradiation, the cough had disappeared ond he could climb two flights of stairs with ease. At nine months 
after irradiation, the tumor has resumec activity and mild cough and shortness of breath have appeared. 


maximum breathing capacity, and arterial 
oxygen percentage saturation were аП greatly 
improved at the completion of amd three 
months after radiation therapy. This was no 
doubt due to relief of obstruction of the right 
upper lobe bronchus. But only six morths after 


irradiation, the patient was back in the hos- 
pital with aggravation of his asthma and alarm- 
ing shortness of breath. The phvsical signs 
were the worst that had been recorded. The 
arterial oxygen percentage saturation was 
essentially unchanged but the vital capacity, 
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Fic. 2. J.D.B., a patient with a bronchogenic carcinoma of the rigat upper lobe bronchus, asthma, emphy- 
sema, and generalized arteriosclerosis, (4) before irradiation and (В) eight months after irradiation. Al- 
though relief of the bronchial obstruction was prompt and the p: tient developed only a moderately severe 
pulmonary radiation reaction, and although the tumor has net yet resumed activity, the ventilatory 
capacity has been sharply reduced, the asthma is aggravated, ard the shortness of breath is alarming. 


3.0 liters before irradiation and 3.5 liters after 
irradiation, was 2.4 liters. The maximum 
breathing capacity, 42.9 liters per minute be- 
fore and 27.3 liters per minute after irradiation, 
was 34.0 liters per minute. Yet serial chest 
roentgenograms showed only moderate changes 
(Fig. 2, 4 and B). The patient is alive ten 
months after irradiation, but in very poor con- 
dirion, too poor for further study, although 
there is no obvious evidence that the tumor has 
resumed activity. 


Case п. A patient, M.C.B., with infiltrating 
duct carcinoma of the right breast, also had 
generalized arteriosclerosis, hypertensive cardi- 
ovascular disease, aortic stenosis and regurgi- 
ration, left ventricular enlargement, and pul- 
monary congestion with patchy consolidation 
in the right base shown in the roentgenogram. 
Ar radical mastectomy, axillary metastases 
were discovered, and postoperative irradiation 
was administered to the supraclavicular and 
axillary regions, the right chest wall, and the 
internal mammary chain. Fourteen months 
later, she is free of detectable cancer, but her 
pulmonary situation has deteriorated steadily. 
The clinical picture shows no striking change, 
but the vital capacity has fallen from 12.6 liters 


to 7.7 liters, the maximum breathing capacity 
from 43.6 liters per minute to 30.0 liters per 
minute, спа the arterial oxygen percentage 
saturatior from 93.3 per cent to 80.8 per cent. 
Serial roeatgenograms (Fig. 3, 1-С) show pro- 
gressive obscuration of the right base with 
spreading of the patchy consolidations. 


Irradi: tion of pulmonary tissue in a pa- 
tient who has a severe lung abnormality 
other then primary cancer should be cau- 
tious, an 1 the total dosage modest. 

Furthermore, the radiologist should rec- 
ognize that, although it is possible to ir- 
radiate pulmonary tissue, normal or ab- 
normal, without inflicting injury of serious 
clinical significance, some damage is un- 
avoidable. In most patients considered free 
of injury, careful investigation will uncover 
it (Fig. 4, 4-С). In the rest, microscopic 
study of the irradiated lung would almost 
certainly reveal it. Every effort should be 
made to minimize incidental pulmonary ir- 
radiation. 

Routime physiologic tests add signifi- 
cantlv tc the accuracy of estimation of the 
effect of irradiation. They would seem to 





be more sensitive indicators than tae clin- 
ical symptomatologv or the chest roent- 
genogram. The ventilatory functon, as 
measured bv the vital capacity snd the 
maximum breathing capacity, was im- 
paired with regularity, and the impzirment 
persisted or progressed as the acute radia- 
tion reaction subsided into the chronic 
phase. The diffusion capacity, as measured 
by arterial oxygen percentage satura- 
tion, usually was impaired duriag the 
acute phase and recovered as it subsided. 
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9с. 3. M.C.B., a patient with infiltrating 
duct carcinoma of the right breast, general- 
ized arteriosclerosis, hypertensive cardio- 
vascular disease, aortic stenosis and regur- 
gitation, and pulmonary congestion, (4) af- 
ter radical mastectomy but before irradia- 
tion, (B) five months after irradiation, and 
(C) seven months after irradiation. Al- 
though the clinical symptomatology for- 
tunately is insignificant, the radiation reac- 
tion is unusually severe for the amount of 
radiation given and the ventilatory and dif- 
fusior capacities have been sharply reduced. 


Whether serial physiologic testing during 
irradiation will prove to be helpful in decid- 
ing the individual patient’s total dosage 
remains to be seen. 


SUMMARY 


1. The degenerative and fibrotic changes 
produced by irradiation in all tissues are of 
especial significance when they occur in tis- 
sues where their presence interferes with 
vital functions. One of those in which this 
happens is pulmonary tissue, irradiation in- 


jury of which impairs the ventilatory and 
diffusion capacrties of the lung. 

2. Because the enormous reserve capac- 
ity of the lungs provides a good margin of 
safety, when care is taken to minimize inci- 
dental pulmonary irradiation, and when 
the lungs are normal or had been normal 
before a primary pulmonary malignancy 
developed, the doses of radiation usually 
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Ес. 4. JAH.M., a patient with infiltrating 
duct carcinoma of the right breast, (77) after 
radical mastectomy but before irradiation, 
(B) three months after irradiation, and 
(C) thirteen months after irradiation. There 
has been no clinical symptomatology and 
the diffusion capacity has not been affected, 
but the roentgen evidence of radiation reac- 
tion is unmistakable and the ventilatory ca- 
pacity has been sharply reduced. 


recommended can probably be given with 
sequelae of acceptable frequency and se- 
veritv. The short term effects have been 
fairly well documented; the long term ef- 
fects have not. 

3. When the pulmonary reserve has 
been lowered bv pre-existing abnormality, 
less radiation injury can be tolerated. 

4. Serial physiologic testing increases the 
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accuracy with which radiation effect can 
be evaluated. There is some hope that it 
may be helpful in treatment planning and 
guldance. 


George Cooper, Jr., M.D. 
Department of Radiology 
University of Virginia 
School of Medicine 
Charlottesville, Virginia 
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COMBINED THERAPY: IRRADIATION AND SURGERY 
IN THE TREATMENT OF BRONCHOGENIC 
CARCINOMA* 

By FERNANDO С. BLOEDORN, M.D.,$ R. ADAMS COWLEY, M.D.,t 
CARLO A. CUCCIA, M.D.,t and RAUL MERCADO, Jr., M.D.f 


BALTIMORE, MARYLAND 


R years surgery alone has been the 
treatment of choice for carcinoma of the 
lung. Radical operation has been the un- 
disputed treatment for all operable cases. 
After an extensive and thorough trial, sur- 
gery has yielded disappointing results; in 
large series where all patients seen in the 
institution are considered, the five vear 
survival is about § per cent. 

The natural history of the disease is such 
that it dees not lend itself to any kind of 
localized therapy such as surgery. More- 
over, the anatomy of the affected area 15 
not favorable for a radical ez loc operation 
including the wide margin of normal tissue 
which is necessary in an aggressive tvpe of 
cancer. There are possibly other factors 
which lessen chances of success, even in a 
well-planned operation—the possibilitv of 
seeding cancer cells and the production of 
distant metastases by surgical manipula- 
tion. 

In spite of its limitations, surgery has 
been the only curative treatment offered to 
patients with early bronchogenic carcinoma 
and is a good curative procedure in selected 
cases. The reported statistical results have 
been improved mostly by the selection of 
cases submitted for surgical procedure 
rather than by improving the cure rate in 
all the patients affected by the disease. A 
procedure of cancer therapy is better only 
if it is successfully applicable to a larger 
number of patients affected by the disease. 

Irradiation as a means of therapy in lung 
cancer has proven its efficacy in many 
cases. All Departments of Radiotherapy 


have some isolated cases of proven bron- 
chogenic carcinoma which are alive five 
vears or more after irradiation. To our 
knowledge a serious attempt has never been 
made to treat a large series of operable cases 
by irradiation alone. Irradiation has been 
applied only in inoperable cases or in pa- 
tients who refused surgery. Smithers,’ 1п a 
series of 171 patients, showed a five year 
survival rate of 4 per cent, which 1s com- 
parable to surgical results, especially if it is 
considered that they were mostly inoper- 
able cases. This experience preceded the use 
of supervoltage therapy, and it may be 
assumed that these results can be improved 
with the use of better quality radiation and 
modern techniques. The local response to 
irradiation in lung tumors, mainly squa- 
mous cell and anaplastic carcinomas, is in 
most cases impressive; large tumors dis- 
appear amd many mediastinal syndromes 
are relieved, sometimes at a low dosage 
level. 

In 1956 a joint program of the Divisions 
of Radiotherapy and Thoracic Surgery of 
the University of Maryland Hospital was 
established to study the possibility of using 
a combined approach of preoperative irra- 
diation and radical surgery 1п the treatment 
of bronchogenic carcinoma. 


FACTORS IN OPERATIVE FAILURES 


Before planning this program an analysis 
was carried out to discover the reasons why 
surgery does not cure more patients. In 
considering the therapeutic failures there 
are factors which are related to the natural 


* From the Divisions of Radiotherapy and Thoracic Surgery, University of Maryland Medical School, University Hospital, Balti- 


more I, Maryland, 


Presented at the Forty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17—19, 1960. 
+ Division ef Radiotherapy, Department of Radiology, University of Maryland Hospital, Baltimore 1, Maryland. 
1 Head, Division of Thoracic Surgery, Department of Surgery, University of Maryland Hospital, Baltimore 1, Maryland. 
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Гс. т. Factors related to the natural history and 
survival rate for bronchogenic carcinoma treated 
by surgery. 


history of the disease and factors which are 
related to the operation itself. 

The factors related to the natural history 
of the disease are shown in Figure 1. The 
proportion of lymph node invasion and the 
incidence of metastases shown are the re- 
sults of studies in the literature of more 
than 15,000 patients at autopsv and at 
operation; only those series containing 
1,000 or more patients were considered. 
From these studies 1t was estimated that, 
of roo patients seen in any clinic, about 
30 per cent initially have distant metas- 
tases which are not always clinically evi- 
dent when the patient is first examined. 
This group of patients is beyond cure by 
any means of therapy presentlv available. 
Of the whole group of patients at least 60 
per cent have mediastinal lymph node 
metastases. It is logical to assume that the 
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group with distant metastases has the most 
advanced disease and thus will have medi- 
astinal lymph node involvement in almost 
100 per cent of the cases. We know that, 
due to the anatomy of the region, an ez bloc 
operation for excision or removal of the 
mediastinal lymph nodes is impossible. 
Therefore, the surgical results are poor in 
cases where the mediastinal lymph nodes 
are involved. 

At least 15 per cent of the whole group of 
patients develop metastases in the scalene, 
supraclavicular, or neck lymph nodes. 
Since these areas are untouched by surgery, 
these patients will not be cured by surgery 
alone. In another 15 per cent the disease is 
locally so advanced as to preclude surgery. 

It 5 per cent is deducted for the patients 
who will die due to operative or postopera- 
tive complications, there remains § per cent 
of the whole group, which is about the pres- 
ent cure rate obtained by surgery in any 
large series. It 15 realized that this type of 
estimate 1s only an approximation, but it 
gives an idea of the problems involved in 
treating carcinoma of the lung and some 
indications as to the causes of failure. 

In addition, there are other factors which 
have some bearing on the outcome when a 
patient is subjected to radical surgery for 
carcinoma of the lung. These are the pos- 
sibilities of local seeding of malignant cells 
and the production of distant metastases 
by the manipulation of the tumor. The 
possibility of this ty ре of spreading of tu- 
mor 1s higher in carcinoma of the lung than 
in other tumors due to the common site of 
the tumor close to large vessels, and the 
frequency with which these tumors are ex- 
posed or cut into during surgery. Such tu- 
mor dissemination is probably responsible 
for treatment failure in more cases than 1s 
generally recognized. If we consider that 
Wagelin reported that the disease was local- 
ized to the site of the primary or contiguous 
structures in II per cent of his cases at 
autopsy, the expected cure rate obtained by 
extirpation of the local disease in much 
earlier cases should be higher. 


FACTOES IN CONSIDERING 
COMBINED THERAPY 

All the evidence seems to indicate that 
the disease in the lung, if not disturbed by 
trauma, could be localized to the primary 
site and to the mediastinal area in a con- 
siderable number of patients, possibly a 
greater number than is generally thought. 

It is reasonable to assume that if irradia- 
tion proves to be efficient in sterilizing 
mediastinal lymph nodes and in diminish- 
ing the peripheral extension and vitality of 
the primary tumor in cases where steriliza- 
tion is not achieved, some definite gain will 
be obtained in combining irradiation and 
surgical therapy. Let us carry this assump- 
tion further. If we suppose that О per cent 
of the local extensions of the primary tu- 
mor, and the mediastinal, scalene and 
supraclavicular lymph node metastases are 
sterilized by irradiation, the survival rate 
could be raised to about 20 per cent (Fig. 
2). The short experience of the authors 
seems to indicate the possibility of obtain- 
ing that incidence of sterilization in the 
primary site and in the mediastinal lymph 
nodes. The rate of possible sterilization of 
scalene or supraclavicular lymph nodes 1s 
not yet knowr. Although some patients 
(15 per cent of those treated) developed 
metastases while under treatment or 
shortly thereafter, they probably had latent 
metastases when first seen. This is probably 
an optimistic picture, because there are 
other factors which could change the end 
results, but it is obvious that some gains 
could be achieved bv a combined treat- 
ment. 

[n order to set a definite policv of treat- 
ment the first points to determine were: 

1. The possibility of radical irradiation 
ot the primary lung tumor, along with the 
mediastinal and supraclavicular areas in 
cases where indicated, using supervoltage 
irradiation. 

2. The feasibility of radical surgery after 
radical supervoltage irradiation without 
increasing the complication rate. 

3. The action of radical irradiation upon 
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тс. 2. Factors related to the natural history and 
survival rate for bronchogenic carcinoma treated 
by surgery and cobalt radiation, assuming that the 
irradiation sterilizes £0 per cent of the mediastinal, 
scalene amd supraclavicular lymph nodes. 


the primary lung tumor and its lymph node 
metastases in the mediastinum, the scalene 
and the supraclavicular areas. 

4. The possibility of rendering some in- 
operable cases operable. 

5. The gain in the cure rate by this com- 
bined therapy (in survival, incidence of 
local recurrence, distant metastasis, etc.). 
This was the first goal set for this study. 
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The advantages and possible gains of 
this combined therapy, in addition to the 
possible sterilization of a considerable num- 
ber of primary tumors and lymph node 
metastases, are: 

г. Rendering operable those tumors 
which are inoperable due to local extension 
into the carina, trachea, large vessels, chest 
wall, mediastinum, or supraclavicular 
areas, 

2. Diminishing or avoiding direct seed- 
ing and distant metastases produced by the 
surgical manipulation of the tumor. 

3. Controlling more cases with medias- 
tinal lymph node and some with scalene 
and supraclavicular lymph node metas- 
tases. 

In other words, the cure rate could be 
increased by applying a radical treatment 
in larger numbers of patients with less se- 
lection of cases. Even in cases where com- 
plete sterilization of the tumor cells is not 
obtained, it 1s reasonable to assume that 
the heavy irradiation of the tumor will so 
diminish the vitalitv of the cells as to make 
seeding (locally or through the blood 
stream) more difficult or even impossible. 
Surgical intervention will alwavs remain 
necessary due to the impossibility of steri- 
lizing 100 per cent of the primary tumors 
with reasonable doses of irradiation, but it 
may be possible to use less radical opera- 
tions, such as lobectomy, without jeopard- 
izing the eventual results. 

On the basis of previous work and the 
present study, it 1s evident that radical 
irradiation, at a cancerocidal level, is pos- 
sible to the whole area proposed without 
complications and with very good tolerance 
in almost all cases. That radical operation 
by pneumonectomy or lobectomy is feasible 
in a high proportion of cases after irradia- 
tion with a minimal incidence of complica- 
tions is demonstrated by the series of cases 
shown. 


TREATMENT 


The treatment procedure at the Univer- 
sity of Maryland Hospital consists of: (1) 
irradiation by cobalt 60 teletherapy; (2) a 
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waiting period of two months; and (3) the 
surgical procedure. 


SELECTION OF CASES 


All cases had operable or inoperable 
bronchogenic carcinoma with the disease 
localized to one side of the chest (lung and/ 
or mediastinum), excluding patients with 
malignant pleural effusion. At present, 
cases with positive biopsy from lymph node 
metastases in scalene and supraclavicular 
lymph nodes have been included. More 
experience 1s needed to better evaluate the 
proper course to follow in these latter cases 
and in those with bilateral mediastinal 
lymph node metastases. Cases with bone 
erosion produced by extension of the pri- 
mary tumor have also been included. 


(I) IRRADIATION 


The technique is based upon the follow- 
ing principles: (a) in every case the primary 
lesion and its most common extensions are 
irradiated in continuity, thus forming a 
single volume of high dose; (b) all possible 
effort is made to spare the normal lung from 
irradiation; and (c) a higher dosage is de- 
livered to the sites of actually detectable 
tumor. 

The equipment used is a telecobalt 60 
unit with a 1.5 cm. diameter 1,200 curie 
source with rotational movement on a ra- 
dius of 55 cm. For stationary fields 50 to 55 
cm. source skin distance has been used. 
Caretul localization radiographs are taken 
prior to treatment and are checked by por- 
tal radiographs obtained under treatment 
conditions with the same unit. In all cases 
diagnostic roentgenograms are taken 1m- 
mediately before treatment is started, after 
à 4,000 r tumor dose is delivered, at the 
end of one month, and one week before the 
surgical procedure. Pulmonary function 
studies are carrled out before irradiation 
and prior to surgery. 

The actual technique of treatment will 
vary according to the histologv, site, and 
extension of the tumor. In all cases the 
fields of irradiation will cover the primary 
tumor and the whole mediastinum as a min- 
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Fic. 3. Treatmert fields used in all cases. The 
hatched area shows the two parallel opposing 
fields. It is intended to include the primary tumor 
and the whole mediastinum from the sternal 
notch to at least 6 cm. below the carina. The nar- 
rowest portion is то cm. in width; the minimum 
length is 15 cm. This volume is irradiated to 4,500 
r in four and one-half weeks. The cross-hatched 
area represents the field of rotation, which in- 
cludes the primary tumor and the adjacent medias- 
tinum. All detectable tumor is included in this 
volume, which is irradiated with an additional 
tumor dose of 1,500 r in six treatments. 


imum (Fig. 3), from the sternal notch to at 
least 6 cm. below the carina. The basic 
treatment consists of a 4,000 r to 4,50C r 
tumor dose in four to four and one-half 
weeks with stationary fields; to the site of 
the primary lesion and adjacent medias- 
tinum, and any other site where gross 
tumor is detected, 1,500 г to 2,000 г addi- 
tional tumor dose is delivered. Patients 
with anaplastic tumors (Fig. 4) also receive 
a 5,000 r tumor dose in four weeks to both 
supraclavicular areas. For special tech- 
niques, which are mostly dictated bv the 
different locations of the primary lesion, see 
Figures 5, 6, and 7. 

All cases were proved by biopsy before 
irradiation. When all other procedures 
failed to yield histologic proof the patient 
underwent exploratory thoracotomy with 
biopsy of the primary and mediastinal 
lymph nodes. In patients with peripheral 
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Fic. 4. Treatment fields used in cases of anaplastic 
tumors. The same arrangement as in Figure 3 of 
parallel opposing and rotational fields is used. The 
tissue doses delivered are 4,000 r in four weeks 
with the opposed fields, and 2,000 r in eight days 
by rotation. Both supraclavicular areas are treated 
with one anterior field in continuity with the medi- 
astinal irradiation. The dose delivered is 5,000 r in 
four weeks when no metastases are detectable. 





Fic. 5. When metastases are present either in the 
supraclavicular or in the scalene region, an addi- 
tional 1,000 г in three days is delivered to the 
diseased areas through a small field (5X6 cm.). 
The final dose will be 5,000 r in twenty days for 
both supraclavicular areas and 6,000 r in twenty- 
three days for the sites with tumor. 
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Fic. 6. When the primary tumor is located periph- 
erally, the whole treatment is conducted with 
parallel opposing fields. The cross-hatched area 
represents the small fields used for the last part of 
the treatment. Rotation is not used in these cases. 
The doses are the same as those described in Fig- 
ure 3. 


tumors without histologic proof = lobec- 
tomy was performed and the patient re- 
ceived postoperative irradiation то the 
whole mediastinum (4,000 r tumor dose by 
stationary fields plus 1,000 r tumor dose by 
rotation in a total of four weeks) and treat- 
ment as described above to the supracla- 
vicular areas 1f the tumor was an: plastic. 
All other cases, including the operacle ones, 
received preoperative irradiation. In all cases 
with previous thoracotomv the irr: diation 
was started about ten days after operation. 
In a great majoritv of cases the trcatment 
was very well tolerated locally and svstem- 
ically without any complications. The gen- 
eral condition of many patients b-gan to 
improve during the second week ef ther- 
apy. The only complaint was generally that 
of dysphagia due to esophagitis toward the 
end of the treatment. 

The roentgenographic changes were vari- 
able. The tumor masses, both in -he pri- 
mary site and in the mediastinal lymph 
nodes, generally regressed considerably in 
size and often disappeared completely. The 
changes in atelectatic lungs were unpre- 
dictable. Some improved after 2 ооо to 
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4,000 r while in others the collapse re- 
mained until the operation, even in cases 
where the operative specimen was free of 
tumor. In a few cases the tumor cavitated 
under treatment. These were not con- 
sidered as complications and the treatment 
was continued without difficultv. 


(2) WAITING PERIOD 

А waiting period of two months was 
allowed between the last radiation treat- 
ment and surgery. This period of time was 
chosen on the basis of previous experience 
with preoperative irradiation, mostlv in 
head and neck and breast carcinoma. The 
length of this waiting period is important if 
full advantage is to be taken of the tumor 
response to the irradiation, 7.e., to obtain 
the maximum growth regression before the 
operation and at the same time to have 
minimal radiation changes which would 





Fic. 7. In tumors of the apex, regardless of the histo- 
logic type, irradiation of the ipsilateral supra- 
clavicular region is always added. If the tumor is 
known or is suspected to invclve the parietal 
pleura, the axillary lymph nodes are also included 
in the irradiated volume. The arrangement of the 
fields is shown. The last part of the treatment is 
carried out with small parallel opposing fields (the 
cross-hatched area) including the primary lesion 
and the adjacent mediastinum. The gap between 
the adjacent fields is always necessary to avoid 
overdosage of the tissues included in the area of 
overlapping penumbra. 
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interfere with the technique of operation or 
the process of healing. So far, this length of 
time appears to be adequate. 


(3) SURGICAL PROCEDURE 


Patients who went through the treat- 
ment and waiting period without develop- 
ing clinically demonstrable distant metas- 
tases were operated upon. In most cases 
pneumonectomy was performed. Recently, 
in all cases where it is technically possible, a 
lobectomy has been done and irradiation 
has been relied upon for the sterilization of 
the parahilar lymph nodes. The gross 
changes in the cissues of the lung and medi- 
astinum have been minimal. Adhesions 
were few except in those patients who had 
undergone previous thoracotomy. The tis- 
sue planes during the hilar dissection were 
somewhat thicker than usual, but there was 
no true fibrosis or excessive bleeding. Clo- 
sure of the bronchial stump was by a single 
interrupted suture layer on the end of the 
stump, the stump often being left un- 
covered. In all exploratory operations the 
tumor and invaded lymph nodes were 
marked with silver clips which were re- 
moved with the surrounding areas for his- 
tologic studv at the time of the second 
operation. Special effort was made to 
biopsy any palpable nodes Іп the medias- 
tinum. Thus far, the postoperative com- 
plications have been comparable in type 
and number to the ones seen in patients 
without irradiation. 


ANALYSIS OF PATIENTS TREATED 
AND RESULTS 

The patients under study include all 
cases seen in the Division of Radiotherapv 
which were coasidered for combined ther- 
apv according to the indications stated. In 
all cases there was a positive histologic 
diagnosis, the mradiation was administered 
as described, апа the waiting period was 
about two mor ths. 

The patients are divided into two series. 
The first series consists of patients who had 
their entire treatment at the University 
Hospital. In these cases the authors had 
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TABLE | 


COMBINED THERAPY (COBALT-+SURGERY) 
PLANNED—4I PATIENTS 





Treatment No. of Cases 











Cobalt+ Surgery 26 
Cobalt without Surgery 15 
Refused operation 4 
Metastases developed LI 
Total 41 
Initially Inoperable Cases 19 
Exploratory thoracotomy i5 


On clinical grounds 2 








complete control of the treatment, both 
radiotherapy and surgery. Both the biopsy 
and surgical specimen were thoroughly 
studied by the Department of Pathologv of 
the University Hospital. Patients in the 
second series were operated upon at other 
hospitals and the pathologic study of the 
specimen was usuallv carried out at the 
same hospital. All cases received the radia- 
tion therapy in the Division of Radiother- 
ару of the University of Maryland Hospi- 
tal, and were followed there both pre- and 
postoperativelv. 

First Series (Radiotherapy and Surgery at 
University Hospital). In 41 patients com- 
bined therapy was planned when the pa- 
tients were first examined (Table 1). This 
was a group of unselected patients, since 
19 (47 per cent) of them were inoperable at 
the outset. In 17 patients a previous ex- 
ploratory thoracotomy had disclosed that 
the tumor was unresectable; the other 2 
were found inoperable on clinical grounds. 
Of this group, 26 patients underwent the 
whole treatment of irradiation plus surgery. 
In 15 patients the surgical procedure was 
not carried out—4 refused further surgery 
and the remaining тї developed distant 
metastases either during therapy or during 
the waiting period. 

Further analysis of this group (Table 11) 
shows that of the 26 patients who underwent 
the whole treatment, 13 (50 per cent) initially 
had been inoperable (12 were tound to be 
unresectable at previous thoracotomy, and 
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TABLE II 


- COMBINED THERAPY (COBALT--SURGERY) COMPLETED 
—26 PATIENTS 











No. of Cases 
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TABLE IV 


PLANNED FOR COMBINED THERAPY BUT NOT 
OPERATED—1§ PATIENTS 








No. of Cases 





Initially Inoperable 13 


Previous thoracotomy 12 
On clinical grounds 


Operable after Irradiation 13 





Operative Procedures 
Lobectomy 4 
Pneumonectomy 22 











1 on clinical grounds). All 13 had resection 
after irradiation. Of these 26 patients, 22 
had pneumonectomy and 4 had lobectomy. 
Histologic study of the surgical specimens 
and lymph node biopsies (Table 111) of this 
group showed that the site of the primary 
tumor was free of tumor cells in 14 patients 
(54 per cent) and the lymphs nodes in the 
mediastinum were free of metastases in 24 
patients (g2 per cent). All specimens were 
carefully studied with multiple sect ons (30 
or more). The presence of recognizable tu- 
mor cells was considered as evidence of 
residual tumor. 

Analysis of the 15 patients who did not 
have surgery (Table ту) shows thet 6 (40 
per cent) had been inoperable initially (5 
were found unresectable at previous thor- 
acotomy, and 1 on clinical grounds). Eleven 
patients developed distant metastases dur- 





Initially Inoperable 6 








Previous thoracotomy 5 
On clinical grounds I 

Irradiated but Not Operated is 
Metastases developed ГІ 
Refused operation 4 

Dead 11 
Intercurrent disease I 
Distant metastases 3 


Active primary (5 with 
distant metastases) 7 
Alive 4 
More than 12 months 
More than 6 months 
Less than 6 months 


re e = 





Failure to control primary tumor—8/15 (53 per 
cent) 








ing the treatment or waiting period, and 4 
refused surgery. Eleven of these 15 patients 
have already died, 1 of intercurrent disease, 
3 because of distant metastases, and 7 be- 
cause of an active primary tumor. (Five of 
these 7 also had distant metastases.) Four 
patients are surviving six to twelve months 
after irradiation, 1 with an active primary 
tumor. There was failure to control the 
primary tumor in 8 of the 15 patients (53 
per cent). It is obvious that this group of 


TABLE III 


HISTOLOGIC FINDINGS OF THE SPECIMENS AFTER COMBINED THERAPY—26 PATIENTS 











Sites and Hissology 


No. of Cases 








Positive primary and positive mediastinal lymph nodes І 
Positive primary and negative mediastinal lymph nodes 11 
Negative primary and positive mediastinal lymph nodes I 


Negative primary and negative mediastinal lymph nodes 13 











Positive Findings 











Negative Findings 








Site 








No. of Cases Per Cent No. of Cases Per Cent 
Primary 12 46 14 54 
2 8 24 92 


Mediastinal lymph nodes 
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patients shoulc not be used for comparison 
with the previous group because it is se- 
lected. Except tor the 4 patients who refused 
operation, these cases were not operated 
upon due to the presence of distant me- 
tastases, which already made the prognosis 
hopeless. 

Of the 26 patients who had the complete 
treatment, 13 (50 per cent) are alive (Table 
v), 12 with no evidence of active disease 
and 1 with distant metastases. (The sur- 
vival times are, at the moment of this 
writing, six months longer than those 
shown in the table.) Thirteen patients are 
dead. Three died in the postoperative pe- 
riod, 1 of contralateral pneumothorax and 
2 of coronary occlusion (т of the latter had 
distant metastases at postmortem exam- 
ination). Five died of intercurrent disease, 
1 of active disease 1п the treated area, 3 of 
distant metastases, and 1 of unknown 
cause. Of the whole group, 5 patients de- 
veloped distant metastases, 7.e., 5/26 (19 
per cent). 

All Cases (First and Second Series Com- 
bined). The data show that the ratio of 
inoperable-operable patients is similar to 
that for the first series, as is the high per- 


TABLE V 


RESULTS OF COMBINED THERAPY—26 PATIENTS 


No. of Cases 














Alive 13 


No evidence of disease 12 

Distant metastases | 
Survival Times 

4 years 

More than 2 years 4 

More than 6 months 4 

Less than 6 months 4 








Dead I3 
Postoperative death 
(1, pneumothorax; 2, coronary 
occlusion [1 with metastases]) 
Intercurrent disease 
Actrve disease 11 the treated area 
Distant metastases 
Unknown cause 


r 
м0 


— 5) = A 


Incidence of distant metastases— 5/26 (1g per cent) 
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TABLE VI 


ALL CASES CONSIDERED FOR COMBINED THERAPY (CO-* 
EALT--SURGERY)—$57 PATIENTS" 








No. of 
Cases 
Cobalt+Surgery 37 
Cobalt without Surgery 20 
Initially Imoperable Cases 26 
Exploratory thoracotomy 21 
On clinieal grounds 5 
Postoperative Deaths 8 
Proven Mediastinal Lymph Node Involvement 
Before irradiation 10 
After irradiation I 
Alive 5 
More than 2 years 2 
More than 1 year I 
2 


6 months 





* 41 patents University Hospital series. 
16 patents operated upon at other hospitals. 


centage of onerabilitv of these cases after 
cobalt therapy (Table v1). The results of 
the histologic findings of the surgical speci- 
mens and lvmph node biopsies are also 
similar to those in the former group (Table 
уп). We should consider, though, that the 
specimens studied in other hospitals were 
not always as thoroughly analyzed as those 
at the University of Maryland Hospital. 

It is mteresting to note from Table v1 
that, of -he 37 cases who received the com- 
bined therapy, 10 cases had mediastinal 
lymph node involvement (outside the hilar 
area) proved by biopsy. In only 1 of these 
cases was there proof of mediastinal in- 
volvement after cobalt therapy. Five of this 
group of patients are presently alive for 
trom one to two and one-half years. 

The control of the primary tumor has 
been achieved in about 50 per cent of the 
patients treated. 

To date, only a very small group of pa- 
tients with metastases in the scalene or 
supraclavicular lymph node areas has been 
treated. All of them developed distant 
metastases before operation. Only 1 case 
was reb»opsied in the supraclavicular area 
after therapy and, in this instance, active 
tumor was present. 
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Tase VII 


HISTOLOGIC FINDINGS OF THE SPECIMENS AFTER COMBINED THERAPY— 37 PATIENTS 














Sites and Histology 


No. of Cases 











Positive primary and positive mediastinal lymph nodes 2 
Positive primary and negative mediastinal lymph nodes 18 
Negative primary and positive mediastinal lymph nodes 2 
Negative primary and negative mediastinal lymph nodes 15 











Negative primary—17/37 (46 per cent) 
Negative mediastinal lymph nodes— 33/37 (89 per cent) 


























SURVIVALS—4$7 PATIENTS 








After Combined Therapy— 18/37 (50 per cent) 


4 years 

More than 2 vears 
More than 1 vear 
More than 6 months 
Less than 6 months 








In All Cases—23/57 (40 per cent) 











COMMENTS 


It is realized that the number of patients 
treated is small and the experience still is of 
short duration, but some preliminary. con- 
clusions can be drawn which тау help in 
the planning of a more extensive study. 

The irradiation, as performed with the 
equipment and technique described, has 
been very well tolerated by most of the 
patients. The technique and dose emploved 
seem to be adequate in most cases. One 
might question whether increasing the dose 
to the primary tumor would not achieve 
control of the tumor in a higher percentage 
of cases. It is likely, though, that higher 
doses would increase the probability of 
complications without a substantial gain in 
efficiency. Furthermore, complete steriliza- 
tion of the primary tumor is not essential 
since this is to be excised. 

The amount of irradiation delivered in 
this series prior to the surgical procedure 
does not seem to add any major difficulty 
to the technique of the operation or to 
intertere with the healing process. 

In spite of the small number of patients 
treated there are two striking features 
which seem to be of significance because of 

















their consistency, v7z., the high percentage 
of patients made operable after irradiation 
and the high rate of sterilization of medi- 
astinal lymph node metastases. It is also 
worth noting that, in the patients who were 
previouslv inoperable or who originally had 
mediastinal lymph node metastases, the 
survival seems to be similar to that of the 
rest of the group. 

If the sterilization of the mediastinal 
lymph nodes proves to be as consistent as 
shown in this series, it will be the most im- 
portant gain for this tvpe of combined 
therapv. 

Surgery will always remain necessary be- 
cause of the rather high number of patients 
showing residual disease at the site of the 
primary lesion. However, in many cases a 
more conservative approach migh- be ap- 
propriate, 7.e., lobectomy. This is a very 
important gain if we consider that a pneu- 
monectomy is a crippling operation, par- 
ticularly in the older or emphysematous 
patient. 

The experience gathered so far in the 
present study does not agree with that re- 
ported by Bromley and Szur? in England. 
They applied a combined treatment of pre- 


VoL. 8f, NO. $5 


operative roentgen irradiation and surgery 
in 66 patients with disappointing results. 
[t is necessarv, however, to point out that 
in their series the quality of the radiation, 
the techniques and the dosages were ditfer- 
ent; their only aim was to treat the primary 
tumor and the most adjacent areas. The 
rate of sterilization of the primary tumor 
was 46 per cent, but their operative and 
postoperative complication rate was high. 
It is possible that with the type of irradia- 
tion described here the result may be dif- 
ferent. 


SUMMARY 


Up to the present time the results of 
treatment in bronchogenic carcinoma are 
verv disappointing, surgery being the main 
modality. 

In this report an attempt 1s made to re- 
late the natural history of the disease to the 
causes of therapeutic failure. The theoretic 
advantages of a combined therapeutic ap- 
proach by irradiation and surgery are out- 
lined. 

The technique of treatment applied at 
the University of Maryland Hospital 1s 
explained. The importance of the irradia- 
tion extending bevond the clinically detec- 
table disease in order to cover the areas 
potentially mvolved by tumor, and the 
need of a waiting period and the type of 
operation to be pertormed are stressed. 

The preliminary results are presented. 
From the first group of patients treated, 
the following conclusions can be drawn: 

t. Radical irradiation together with radi- 
cal surgery is feasible in many patients with 
bronchozgenie carcinoma. 
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2. The resectability rate after cobalt 
therapy is very high. 

3. The primary tumor can be sterilized in 
à rather high percentage of cases. 

4. Sterilization of the lymph node metas- 
tases in the mediastinum bv irradiation 1s 
possible in a considerable number of cases. 

The results of these preliminary. studies 
are promising. А larger number of patients 
followed for a longer period of time is neces- 
sarv in order to properlv evaluate this 
treatment. 


Fernando G. Bloedorn, M.D. 
Departmert of Radiology 
University Hospital 
University of Maryland 
Baltimore 1, Maryland 
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BRONCHOGENIC CARCINOMA METASTATIC 
ТО THE HAND 


By ALBERT S. TRACHTENBERG, M.D., and BERNARD ROSWIT, M.D. 


BRONX, NEW YORK 


ETASTASIS to the bones of the hand 


Is an uncommon occurrence. Only 29 
such cases have been reported previously, 
and 14 of these have been ascribed to 
primary bronchogenic carcinoma (Table 1). 
Two of these patients were recorded from 
the personal experience of this institution.’ 
It appears appropriate to report 2 addi- 
tional cases which have recently come to the 
attention of the authors. 


REPORT OF CASES 

Case 1. J. R., a sixty-five year ald white 
male, entered the hospital in November, 1959 
with complaints of cough, anterior chest pain, 
and a slightly tender swelling of the left third 
hnger of approximately two weeks' duration. 
Physical examination revealed a chronically ill 
white male with a diffuse swelling of the middle 
phalanx of the left third finger (Fig. 1.7). 

A chest roentgenogram showed a densitv at 
the level of the right hilus suggesting a primary 
bronchial neoplasm (Fig. 15). Roentgen ex- 
amination of the left hand demonstrated a 
lytic lesion of the middle phalanx of the left 
third finger with associated soft tissue swelling 
(Fig. 1C). These findings were consistent with 
a diagnosis of blood-borne metastasis from a 
bronchogenic carcinoma. A biopsy specimen 
from the involved finger showed metastatic 
epidermoid carcinoma. 

The patient received chemotherapy for the 
neoplastic disease. An amputation of the left 
third finger was performed because of the pro- 
gressive nature of the lesion in the middle 
phalanx (Fig. 1). One week postoperatively, 
a firm nontender lymph node was palpated in 
the left axilla, representing a probable lym- 
phatic dissemination of the carcinoma. Subse- 
quent roentgenograms of the left hand revealed 
further areas of lytic destruction. The patient 
continued to pursue a downhill course and ex- 
pired in February, 1960. At postmortem ex- 
amination the diagnosis of bronchogenic car- 
cinoma was confirmed. 


Case п. I. R., a sixty-six year old white 
male, first noted weakness and malaise in 
September, 1959. A chest roentgenogram 
showed a lesion in the right lung (Fig. 2B) and 
bronchoscopy confirmed the diagnosis of bron- 
chogenic carcinoma. In October, 19¢9 the pa- 
tient underwent a right pneumonectomy at 
another hospital. He entered this hospital in 
December, 1959 with ptosis of the right eyelid 
of four days’ duration and а nor painful swelling 
of the distal phalanx of the right fifth finger 
which had been present for three months (Fig. 
24). The latter was diagnosed as paronychia by 
the admitting physician. 

A chest roentgenogram on admission showed 
a typical postoperative status with diffuse 
opacification of the right hemithorax. Roentgen 
examination of the right hand revealed com- 
plete destruction of the distal phalanx of the 
right fifth finger with concomitant soft tissue 
swelling (Fig. 2C). These findings were reported 
as being compatible with metastasis from a 
bronchogenic carcinoma. Amputation was per- 
formed and the specimen showed metastatic 
epidermoid carcinoma (Fig. 2D). The patient 
expired in. February, 1960. Postmortem exami- 
nation disclosed recurrent carcinoma in the 
right pleural cavity with extension to the peri- 
cardium. 


DISCUSSION 


Four cases of metastatic carcinoma to the 
bones of the hand have now been docu- 
mented from the experience of this insti- 
tution. All 4 occurred in male patients with 
bronchogenic carcinoma; 3 manifested a 
monostotic lvtic lesion confined to one hand, 
and 1 showed polvostotic metastases to the 
hand. 

Metastatic malignant. tumors of the 
hand are rare and the principal primary 
source 15 bronchogenic carcinoma. Of the 
31 cases collected thus far, the lung has 
been implicated in 16. Of clinical signifi- 
cance is the finding that monostotic metas- 


* From the Radiation Therapy Service, Veterans Administration Hospital, Bronx, New York. 
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Fic. 1. Case т. (4) Photograph showing diffuse fusiform swelling of the middle phalanx of the left thir 
finger. (8) Chest roentgenogram demonstrates the primary lesion at the right hilus. (C) Roentgenogram 


of the left hand shows a lytic lesion of the middle phalanx of the left third finger. (D) Roentgenogram of 
the left hand eleven days later shows rapid progression of the lytic lesion after biopsy, with an overlay 
of the cut section of the operative specimen. 
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Fr. 2. Case п. (4) Photograph showing fusiform swelling of the distal phalanx of the right fifth finger. 
(5) Chest roentgenogram shows the primary lesion in the right lung. An azygos lobe is noted as an inci- 
dental finding. (C) Roentgenogram of the right hand shows complete destruction of the distal phalanx 
of the right fifth finger. (D) Composite i lustration of the operative specimen and its rcentgenogram. 
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tasis occurred most commonly in broncho- SUMMARY 

genic carcinoma (with 2 exceptions), while Metastatic tumors in the bones of the 
no such consistent relationshp was found hands are extremely rare, and broncho- 
when other primary neoplasms were con- genic carcinoma is the most common 
sidered (Table :). source. It is significant that polvostotic 


TABLE І 


REPORTED CASES OF METASTASES TO THE BONES OF THE HAND 


















































































































































Primary Tumor or Site | Case No. | Age Sex Hand Lesion* | Reference No. 
І 47 М M | 9 
g 40 | M M 17 
3 49 M M 20 
4 65 EF P б 
5 55 M M н 
6 59 M M Is 
7 60 M M 4 
Bronchogenie 8 58 M M n 
Carcinoma 9 66 M | M 2 
| IO 45 M M 2 
11 Unknown Unknown M 3 
12 58 M | M ы 
| 13 | 58 М М ; 
14 47 | M M 13 
T | 05 | М р | i 
16 66 M M 1 
17 Unknown Е | Р Ы 
Breast 18 | Unknown | Е М 16 
19 б2 F P 13 
Kidney 20 | 66 F | М s 
21 47 M P 13 
Sympathicoblastoma 22 18 mo. M Р 13 
Bladder | 25 39 M | M | 5 
Uterus 24 59 I: M 15 
Lymphosarcoma 25 42 M M m 
Parotid Gland | 26 41 | I | М | 16 
| 25 | Unknown | М І 
Colon 28 Unknown Unknown P | " 
Rectum 29 | 61 | M M 13 
Prostate 30 | бо М p 19 
Skin (right foot) 21 70 F M 13 

















* M= monostotic; F= polyostotic. 
po!) 
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metastatic lesions in one or both hands 
from bronchogenic carcinoma are excep- 
tional, although coexisting bone lesions 
тау be present elsewhere. 


Bernard Roswit, M.D. 

Veterans Administration Hospital 
130 West Kingsbridge Road 
Bronx 68, New York 
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HOST RESISTANCE AND OTHER INTANGIBLES 
IN THE TREATMENT OF CANCER* 


By EUGENE P. PENDERGRASS, M.D. 


PHILADELPHIA, PENNSYLVANIA 


NYONE wich an extensive experience in 
the treatment of cancer is aware that 
there are great differences among patients. 
[n one а tumor will smolder and grow 
slowlv; in anotaer it will grow at a moder- 
ate rate; and ir a third it will grow rapidly 
and spread throughout the body. In other 
patients, tumors change their growth rates. 
Often they remain quiescent for a while and 
then take on an accelerated growth. Less 
often, tumors stop growing, and there are 
rare reports of tumors which spontaneously 
disappear. 

There are variations as well in the re- 
sponse te therapy. The surgeon is fairly 
familiar with the observation that certain 
patients respond well to a given tvpe of 
surgical procecure, and other patients do 
not. The radiclogist has emphasized this 
difference in patients for many years. In 
rationalizing the cures and good palliation, 
the skill of the surgeon, the magnitude of 
the surgical procedure, the super-super 
form of radiation unit (cobalt bomb, cyclo- 
tron, betatron, linear accelerator), or the 
extent of the disease at the time of therapy 
are consilered. Апа now the biologic ag- 
gressiveness of che tumor and the resistance 
or lack of resistance to the disease seem to be 
receiving more emphasis than heretofore. 

One of the healthy developments in 
cancer researca has been the increasing 
interest in the studv of host-tumor rela- 
tionships—changes that tumors produce in 
the host and, perhaps, changes that have to 
occur in the host before a neoplasm can 
develop, grow, and metastasize.** Investi- 
gations that bring the tumor-interphase- 
host area intc closer focus are of great 
potential. The rate of stress and decreased 


resistance to cancer and the psychologic 
states as factors in malignant disease are 
being ге-ехатіпе4.! 11:11729 Increased ef- 
forts are being made bv the psvchiatrists 
and the psychologists to devise clinical 
experiments ;°—*:18—15:22.25,28,29.99 and surgeons 
are performing animal experiments to test 
the role of stress of various tvpes in host 
resistance and host acquiescence in malig- 
nancy.” 16-23 

An interesting series of problems has 
resulted from the rediscovery that tumor 
cells can be found in the blood of a small 
but significant proportion of patients with 
cancer.» The presence of tumor cells in 
the blood is not necessarily indicative of 
metastases, just as the recovery of tumor 
cells in the operative field is not indicative 
that a local recurrence is inevitable.?5 This 
is a demonstration of the systemic factors 
of resistance that must exist in some pa- 
tients against some neoplasms, factors that 
will be fruitful to define. 

As one looks over publications on ther- 
ару one observes that there are undulating 
curves of aggressiveness in the treatment of 
cancer in all of the various disciplines. In 
radiologv, the development of the Coolidge 
tube made it technically feasible to give 
more radiation to a part. This began an 
era of increased radiation dosage which 
continues and will continue for a long time. 
In general, however, an increased survival 
from increased dosage of radiation has not 
been very striking. I suspect that this may 
be true in other forms of therapy. For 
example, the current practice of treating 
with chemotherapy and hormones to the 
limit of tolerance eventually may prove to 
be unwise. 


* From the Department of Radiology in the School of Medicine and the Hospital of the University of Pennsylvania. Penn Mutua! 


Foundation for Neoplastic Diseases, Philadelphia, Pennsylvania. 


Presenred at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-56, 
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Very early in my professional life, I was 
exposed to a great physician, Dr. Henry K. 
Pancoast. In his approach to the therapy 
of cancer, he was cautious and meticulous. 
His patients developed a great deal of con- 
fidence in his ability. Although many of 
his successful experiences in therapy have 
been credited to either radiation or some 
other specific form of therapy, I have had 
the impression that the success of treat- 
ment involved more than roentgens of 
radiation or milligrams of drugs. 

A few years ago, I began to wonder 
whether the time had not arrived when one 
should begin to talk about the variations 
in therapeutic response that one sees. Like 
most physicians, I think that I have ob- 
served responses in cancer patients that are 
almost miraculous. I have also seen the 
opposite obtain. In seeking an explanation, 
I began to explore bevond the usual limits 
of a clinical history. On many occasions, | 
found or learned about a history of emo- 
tional stress; or just the opposite—a cli- 
mate of happiness and securitv. Yet when 
one sits down and gives some thought to 
factors having to do with cancer growth, 
one hesitates to talk about things other 
than those which, bv convention, are recog- 
nized as good medical practice or fall within 
the realm of good clinical research. 

Forover twenty years all medical students 
have been told something about the work 
of Hans Selve. His classic investigations 
have been quoted by many as being opera- 
tive in various medical conditions. I am 
not familiar with much of the literature 
that can be included in “the general adap- 
tation syndrome and the disease cf adap- 
tation." However, I suspect that it is onlv 
in recent vears that certain physicians, in 
а scientific manner, have attempted to ex- 
plore the possiblitv of a relation between 
stress phenomena and malignant dis- 
eases.” /—9,16 

My first experience with what might be 
called "the psychosomatic aspects of can- 
cer" dates back to 1926. А voung man of 
thirty-six years was referred to Dr. Pan- 
coast for the treatment of а lymphosar- 
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coma. This young man was treated with 
200 kv. radiation and he responded fairly 
well for a short period, and then not at all. 
The patient became toxic and Dr. Pan- 
coast discontinued the therapy. After 
roentgen therapy was abandoned, the pa- 
tient improved and Dr. Pancoast placed 
him on ultraviolet therapy whick, at that 
time, was being recommended for a number 
of conditions. This young man was sent 
home and was treated with an ultraviolet 
lamp. He responded well and the clinical 
evidence of his disease disappeared. He was 
followed throughout the succeeding years. 
About 1945, one of the sons of our patient 
led a howitzer company onto tie Anzio 
beachhead in Italy and was killed. The 
voung lieutenant was the elder and favorite 
son and his death caused his father to have 
a tremendous emotional upset. Very shortly 
thereafter, the patient had reactivation of 
growth in the lymph nodes in the neck, 
axillae, and abdomen, and he returned to 
the University Hospital for treatment. A 
biopsy showed the pattern of his disease 
to be similar to that observed in 1926. The 
patient did not respond permanently to any 
form of therapy and soon died (in less than 
four months). The sequence of events in 
this instance strongly suggested a relation- 
ship between the emotional stress and the 
reactivation of the disease. 

Another patient came in with extensive 
lymph node involvement of the cervical, 
axillary, abdominal and pelvic regions. She 
was anemic and febrile. After a biopsy was 
done and the tissue was interpreted as 
lymphosarcoma, the patient was referred to 
me for roentgen therapy. The ordinary 
clinical history did not reveal anything un- 
usual. When I asked whether she had had 
an emotional upset, she related the follow- 
ing story: Her son had married a boyhood 
sweetheart and the families on both sides, 
as well as the young married couple, seemed 
quite happy. Several months after the mar- 
riage, the patient’s son came home one 
night and discovered conclusive evidence of 
his wife's marital infidelity. This episode 
caused the son’s mother to have an emo- 
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tional upset and several weeks later she 
developed Ivmph node enlargement and 
became 1ll. 

Another instance concerned a woman 
who had been under our observation for a 
little over twelve years. She had had a 
carcinoma of the breast. All during these 
vears, she had been perfectly well. Last 
vear the patient and her husband went to 
Germanv to see their family and visit their 
tormer homeland. On returning to America, 
her husband found that he had been laid 
off at his place of employment. Thev were 
without money, and her husband, although 
а master mechznic, was unable to get a Job 
because he was thought to be too old. The 
patient soon began to develop aches and 
pains and, at one of her follow-up exami- 
nations, roentgen studies of the chest and 
thoracic and lumbar spine revealed meta- 
static involvement of the pleura and ribs. 

Here again, the time between a healthy 
state and one of real distress was relatively 
short, and it was by pursuing the matter 
beyond the usual clinical history that I 
found that there might be a factor of emo- 
tional stress associated with the reactiva- 
tion of a dormant disease. These are just a 
few examples of at least the coexistence of 
active malignant disease and emotional 
problems. 

The opposite may also obtain. I have 
patients with extensive malignant disease 
throughout the body who are living with 
their disease and living in comfort. The 
cancer has been treated by radiation, by 
surgery, by hormonal therapy, and by 
general supportive measures. With many 
of these patients, one learns that there is 
а family relationship that provides a happy 
home. This relationship sustains the patient 
and gives him or her the desire to get well 
and live as normal a life as possible. On 
occasions, under such circumstances, the 
good response to therapy is such that one 
claims it a real triumph. At present, one 
does not know how to evaluate or measure 
the influence of a happv home life on the 
course of disease in general or of cancer in 
particular. I suspect that all would agree 
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that such an environment is desirable; if it 
affects the disease as well, so much the 
better. 

So far as I know, there is no evidence 
that hormones acting alone can initiate the 
transformation of a normal cell into a neo- 
plastic cell. However, it 1s known that 
certain hormones have a great influence on 
the susceptibility of experimental animals 
to some types of cancer and it seems not 
unlikely that this is also true of human 
beings. Furthermore, from clinical experi- 
ence we know that hormone therapy or 
castration has a considerable (though 
usually temporarv) influence on the be- 
havior ard growth of advanced cancer of 
certain tvpes in human beings. 

The narratives about the above cases are 
presentec as examples to show that psycho- 
logic factors sometimes have a marked in- 
fluence om the behavior and rate of growth 
of cancer once it has occurred in the human 
body. It 1s not unreasonable to postulate 
that this could result from the interaction 
of psychologic factors and hormonal levels. 
| want to make it clear that | am not sug- 
gesting that psychologic factors act as an 
initial causative agent in the occurrence of 
cancer. ] am onlv suggesting that thev 
sometimes have an influence on pre-existing 
cancer and may have an influence on sus- 
ceptibility to cancer. 

For the most part, present day cancer 
research is directed toward the cell and cell 
nucleus, or the chemical events at the 
enzvme znd molecular levels. Considerable 
evidence has been produced to show that 
the normal cell under the impact of carcino- 
genic agents, whether of a phvsical, chem- 
ical or viral nature, may become neoplastic. 
Within tie body, the cell is a fundamental 
unit of the tissues that participate in the 
formation of organ systems, all of which 
work with each other under the control of 
“coordinators,” like the central nervous, 
autonomic, and hormonal svstems.! The 
emphasis in research 1s more on the indi- 
vidual cell than on the organism within 
which the cell is found in its natural state. 
Yet, investigators recognize that survival 
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and growth of neoplastic cells are depend- 
ent on host environmental factors. 

When one looks into the subject of con- 
stitutional factors and their influence on 
disease, one finds a tremendous literature.’ 
Doctor Samuel J. Kowal,? of Boston Uni- 
versity, states that the 18th and rgth 
century physicians were impressec by the 
frequency with which certain life situations 
seemed to occur prior to the development 
of a neoplasm. There seemed to be a com- 
mon denominator, the reaction of despair 
and hopelessness, which appeared to follow 
diverse situations caused by death, separa- 
tion, and economic, political, professional 
and other frustrations. Such patients ap- 
parently lost all desire to live, and thus, 
by a type of passive surrender, the stage 
was set for the development of the malig- 
nancy.” 

The earlier literature is replete with 
similar observations made by physicians 
throughout the world.? For example, 
Doctor Willard Parker? of New York 
reported on fiftv-three vears of surgical 
experience in the treatment of cancer of the 
breast, extending from 1830 to 1885. Parker 
was impressed by the role of mental attic- 
tion in the production of cancer. Не asked, 
"Can anxiety be a predisposing cause? Will 
a long period of care, trouble, and sorrow, 
alone disturb the balance between the 
nervous and cellular elements, so as to 
make the latter take on an abnormal, 
cancerous development?" His answer was 
"yes," and he concluded: "There are the 
strongest physiological reasons for believing 
that great mental depression, particularly 
grief, induces a predisposition to such a 
disease as cancer, or becomes an exciting 
cause under circumstances where the pre- 
disposition had already been acquired.” 

More recently, Bacon, Rennecker and 
Cutler (1952)! were stimulated to make a 
psychosomatic survey of 40 cases о! cancer 
of the breast. They raised the following 
questions: What is the factor (or factors) 
which triggers the change from cellular 
order to cellular chaos? Is an emotional 
force the finger on the trigger at times? 
These authors make the statement: “Мо4- 
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ern cancer investigators believe that every- 
one carries the cancer potential within him, 
that it is simply a matter of whether vou 
die of something else before vou die of 
cancer. This approach raises the interesting 
question of why the dormant precancerous 
state remains dormant in many, whereas 
in others it changes early and rapidly. Why, 
after it appears as a malignancy that can 
be diagnosed, does it or does it not metasta- 
size early or late in some? And what is the 
nature of the body’s defensive reaction to 
cancer?" These authors, on the basis of 
their observations, are inclined to believe 
that there might be a connection between 
the psyche and cancer. 

Blumberg, West and Ellis? have com- 
pared the personality characteristics of 
cancer patients with rapidly advancing dis- 
ease and similar cases in which the period 
of survival was far longer than the average 
expectancy. Their study indicated that a 
long-standing, intense emotional stress may 
exert a profoundly stimulating effect on the 
growth rate of an established cancer in 
man. They state that, if the validity of the 
findings of their work were supported by 
further work and by independent investi- 
gators, one might begin to think of explain- 
ing host resistance in a cancer patient in 
terms of ability to reduce or adapt effec- 
tivelv to stresses brought on bv environ- 
mental and emotional conflicts. 

In his early studies, Doctor William А. 
Greene, Jr.,^5 of the University of Roch- 
ester, suggests that pathologic activity 
of the reticuloendothelial system may occur 
as a part of a reaction to psychologic 
stresses. Further psychosomatic study of 
patients with leukemia and lymphoma may 
help to clarify the nature of these disorders. 
In later studies, Greene and his asso- 
clates^!? state that one can assume that 
there are undetermined phvsiologic respon- 
ses accompanying separation and depres- 
sion in some individuals. These physio- 
logic responses, perhaps biochemical or 
immunologic, may precipitate the leukemic 
process in individuals who are potentially 
leukemic. 

Engel? states that the physician. must 
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familiarize himself with and learn more 
about man's heritage. He must understand 
man's basic need and his means of adapta- 
tion in a physical, organic, and social en- 
vironment. He must study the phases of 
adjustment and define more clearly their 
determinatesand what constitutes meaning- 
ful stress. He must study and devise new 
and more effective means of aiding the 
adaptive efforts of the patient.” He must 
be aware that many of the signs and symp- 
toms mamtfested by the sick person are the 
attempts at adaptation and expression, 
rather than the disease itself. Such thoughts 
must be kept in mind, otherwise the at- 
tempts at therapy will deprive the patient 
of defenses witaout making more suitable 
ones available. This commonly happens in 
present day medicine, when the specialist 
directs attentioa to one group of symptoms 
and ignores their significance tor the total 
adjustment of the patient. 

Over the vears, many have been unable 
to evaluate the constitutional factors ob- 
served by good clinicians. One wonders 
whether the glamor of the scientist and the 
dissection of the cell and its components 
have not led us into a path away from 
important environmental influences. If so, 
this is a deficiency that we must overcome. 

In approaching the treatment of cancer, 
it is essential taat one obtain an adequate 
history and a thorough physical examina- 
tion. Bacon and her colleagues! put it this 
wav: “We believe that we have developed 
a ‘feeling’ for a malignant history. The 
‘feeling’ в arrived at through repeated ob- 
servation of factors having to do with 
behavioural characteristics of patients." 
This 15 a techmque that was employed by 
older physicans who sought to connect the 
life situation with the disease process. If 
one adds a thorough physical examination 
to such a history, the physican is in a better 
position to evzluate collateral studies and 
to treat the patient. 

[ have been very much impressed with 
the program of examination and treatment 
of leukemic patients employed bv Doctor 
Osgood and his associates. ^?! [t has been 
most effective. My interpretation of Os- 
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good’s success is that he not only employs 
therapeutic agents with good judgment, 
but he also has the complete confidence of 
the patient. This confidence is due in great 
measure to the fact that Doctor Osgood 
takes time to get a good historv; he ex- 
plains the nature of the disease, and ulti- 
mately tells the patient the truth about the 
diagnosis. He proceeds in a way that does 
not upset the patient; rather, it stimulates 
him to do his part in the program of ther- 
apy. My experience has led me to believe 
that most patients can accept the truth 
about the diagnosis of the condition for 
which they are being treated if one takes 
adequate time to prepare the patient for 
such an imterview and uses good common 
sense. 

There аге many wavs of treating cancer, 
but one thing is certain—if the program of 
therapv includes a high level of coopera- 
tion and consultation at all levels, the pa- 
tient will zet a "better deal" and all mem- 
bers of the professional team will continue 
to learn and will be stimulated to do better 
work. The voung trainee will, in turn, be 
able to carry with him a philosophy that 
always will be helpful. 

A complete environmental and social 
historv, an intelligent judgment mixed 
with the milk of human kindness, and an 
appropriate educational and supportive 
program (what to look for, how to look, 
what to do) will, when combined with care- 
fully planned therapeutic measures, serve 
well until we learn more. 

The clmician cannot cure diabetes. He 
can do ar exellent Job in control. In treat- 
ing cancer, we must remember that it is 
just as important to treat the patient as to 
treat the disease. There is no greater oppor- 
tunitv to practice the art of medicine than 
in cancer therapv. 

Department of Radiology 

Hospital of the University of Pennsylvania 

3400 Spruce Street 

Philadelphia 4, Pennsylvania 
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HYPNOSIS AND ITS USE IN CONTROLLING 
PATIENTS WITH MALIGNANCY* 


By OSCAR L. MORPHIS, MLD.1 


FORT WORTH, TEXAS 


YPNOSIS s a phenomenon that is as 

old as man. It is a normal, natural 
state that all of us have experienced to 
some degree at one time or another. It is 
closely associated with daydreaming or put- 
ting one's self im a state of relaxation; it 15 
a form of escape from the mental pres- 
sures that are put upon us. Many primitive 
people have practiced a form of hypnosis 
tor centuries. The vogis, Hindus and witch- 
doctors are examples of those who have be- 
come past masters of the art. The witch- 
doctor does not cure organic disease, but 
he does relieve -he anxiety associated with 
illness and this results in increasing the 
ability of the body to cure itself. 

The functions of a physician are: (1) 
relief of pain, (2) diagnosis, (3) relief of 
anxiety, and (4! restoration of the body to 
such a physiolegic state that 1t can func- 
tion in a manner compatible with comfort- 
able living.! The relief of pain is the pri- 
mary concern of the patient and the physi- 
стап has been able to fill this need to a 
satisfactory extent with analgesics. The 
ability of the physician to diagnose or- 
ganic disease has been developed to a high 
degree; however, many people have or- 
ganic manifestctions of functional disease 
which do not respond to medications. Relief 
of anxiety has keen attempted usually with 
tranquilizers or long-acting barbiturates 
which leave the patient in a state of semi- 
stupor or with an “I don't care" attitude, 
neither ot which 15 entirely desirable. Some 
of the anxiety ts alleviated by the bedside 
manner of the physician. The attempt to 
re-establish physiologic function of the pa- 
tient's bedv is the ultimate goal of the 
physician. The patient is never cured by 
the physician. The body must function in 
order to maintain life after the cause of the 


disease has been removed. The surgeon 
may remove a diseased appendix, but the 
patient remains ill until a physiologic state 
compatible with life 1s re-established. 

A person in hypnosis is never asleep nor 
is there loss of consciousness and it is 
important for the patient to realize this. 
Many peeple feel that they have not been 
hypnotized because they feel so normal 
after the experience, even though extremely 
relaxed. It makes very little difference 
whether a patient believes that he has been 
hypnotized or not, since our purpose is to 
implant proper suggestions in the subcon- 
scious mind which he may follow. 

Hypnosis is brought about by the intensi- 
fication of any emotional state or sensation 
that the patient may be experiencing at the 
time of induction. It is not the purpose of 
this paper to describe the methods of induc- 
tion as they may be found in any good book 
on hypnosis. One is dealing with the pa- 
tient’s subconscious mind when the logical 
conscious mind is relatively blocked out. 
The hypnotist is giving instructions to the 
patient’s subconscious mind. The induc- 
tion of an individual into hypnosis is rela- 
tively simple, but the anticipation and 
understanding of the reactions of the sub- 
conscious mind are essential in successful 
hypnotic therapy. 


GENERAL CONSIDERATIONS 

Physicians whose primary work concerns 
the care and treatment of the cancer pa- 
tient are constantly confronted with the 
problem of either telling the patient that 
he has a malignancy or following through 
with therapy immediately after the patient 
has been given this information by his 
tamily physician. We are thoroughly aware 
of the extreme anxiety that these patients 


* Presented at the Ferty-second Annual Meeting of the American Radium Society, San Juan, Puerto Rico, March 17-19, 1960. 
f Clinical Assistant Professor of Radiology, The University of Texas Southwestern Medical School, Dallas, Texas. 


897 


898 


experience. Anxieties usually coavert to 
these five systems: the nervous system, in 
the form of headaches; the respiratory svs- 
tem, as evidenced by shortness оғ breath; 
the gastrointestinal system, in the form of 
nausea or diarrhea; the muscular svstem, 
in the form of tension or referred pain; and 
the circulatory system, in the form of 
profuse sweating or cold clammiress. The 
patient may be reassured at conscieus levels 
and the information never reaching the sub- 
conscious level. Conversion symptc ms come 
trom the subconscious rather than the con- 
scious level. Hypnosis finds its mcst useful 
application in breaking through the barriers 
of the conscious mind and allowing the in- 
formation to reach the subconscicus level. 

Muscle control is one of the trst phe- 
nomena which occur as a patient slips into 
hypnosis. Usually the induction is a con- 
tinuous chain of suggestions of progressive 
muscle relaxation. This brings a»out not 
only relaxation of the skeletal muscles, 
which are under partial control of she auto- 
nomic nervous system, but also the mus- 
cles in the walls of the blood vessels and the 
muscles of the internal structures as well. 
The tone of the skeletal muscles is a func- 
tion of the autonomic nervous system and 
this is the part that we are primarily con- 
cerned with in hypnosis. As the muscles 
relax, several things occur. External pres- 
sure on the walls of the blood vessels is 
relaxed allowing greater volumes of blood 
to circulate through the muscles. The mus- 
cles in the blood vessel walls also relax fur- 
ther allowing the caliber of the vessels to 
increase and carry larger volumes of blood 
to the structures. Relaxation of the muscle 
fibers allows a better passage of irtercellu- 
lar fluids, resulting in good exchange of 
fresh food and oxygen to the muscle and 
waste products from the cells back to the 
circulation, thus allowing for a good nutri- 
tional and physical state of the muscle. 
This accounts for the statemert manv 
people make after being hypnotized, “I 
feel as though I have had a good night’s 
sleep." We are all familiar with the painful 
muscles that one gets in the early spring 
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after working in the yard for the first time 
and the physical fact that muscle soreness 
is largely due to the collection of lactic acid. 
With complete muscle relaxation and in- 
creased circulation, waste products are 
readily removed. At any level of the anxiety 
state a certain degree of muscle spasm oc- 
curs. The most common site is tie gastro- 
intestinal tract and may result in muscle 
spasm of the stomach or bowel, causing 
nausea, vomiting or diarrhea. If the inten- 
sification of the stimulus continues, the 
symptoms may become severe. 

To understand another situation that oc- 
curs under hypnosis, the mechanisms of 
conditioned reflexes should be reviewed. In 
hypnosis we may alter the interpretation of 
a stimulus to suit our own needs. When 
we say to a patient, "sour lemon," fluid 
flows into the patient's mouth and 1t be- 
comes necessary for him to swallow. An- 
alysis of this condition shows that me- 
chanical vibrations are set up Ьу the pas- 
sage of an air column over vocal cords. 
These mechanical vibrations are carried 
through the air to the patient’s eardrums; 
from there they are transmitted through 
the ossicles in the middle ear to the fenestra 
in the lower end of the concha of the inner 
ear. This sets up mechanical vibrations in 
fluid in the inner ear which are received bv 
the fine cilia-like nerve endings of the audi- 
tory nerve. These nerve endings are selec- 
tively stimulated Ьу the frequency of the 
mechanical vibrations. This produces elec- 
trical impulses in the nerve receptors. These 
nerve impulses are transmitted to the sub- 
conscious center where neurons act as 
discriminators and direct the impulses 
along one of many pathways to tae neuron 
in the conscious center which, in effect, 1s 
the interpretation center. Up to this point 
the stimulus has been merely a group of 
mechanical vibrations or electrical im- 
pulses. Now it has reached the interpreta- 
tion cell which associates it with a previous 
experience. At this pont the conscious cen- 
ter (or interpretation cells) sends back an 
impulse to the subconscious center, which 
sends an impulse to the salivary glands 


causing them to secrete saliva into the 
mouth. The stimulus of the saliva in the 
mouth sends an impulse back to the sub- 
conscious center. This time no interpreta- 
tion is necessary. The neuron controlling 
the muscles of deglutition is stimulated 
directly and a pattern of peristaltic waves 
is set up throughout the entire gastrointes- 
tinal tract. Thas we have an extensive 
physical chain of responses set up by the 
simple mechanical vibrations of the spoken 
words, “sour lemon." The ability of the 
hypnotist to alrer the interpretation of a 
stimulus is important. The stimulus may 
be blocked out completelv and may not 
reach the conscious level or the interpreta- 
tion may be altered in such a way that it 
becomes advan-ageous to the patient. In 
other words, this type of phenomenon ıs 
responsible for a re-education process so 
that a given stimulus may be interpreted 
differently. 

A practical application of the misin- 
terpretation of the stimulus is the re- 
education of the taste in those patients who 
have had their sense of taste destroved or 
altered following treatment of carcinoma of 
the tongue or mouth. Within the past three 
and one-half vears, 7 such patients have 
been treated. АП of them presented prob- 
lems of nutrition. The loss of taste was their 
most common complaint. These patients 
had a physiolog c interruption of the nerves 
supplving the -aste receptors of the four 
basic tastes: salt, sweet, bitter and sour. 
Sometimes only one or two of these sensa- 
tions had been altered, while in other cases 
all of the tast2 sensations had been de- 
stroved. It occurred to us that, if a patient's 
cigarettes coulc be made to taste bitter or 
obnoxious, it sFould be a simple matter to 
re-educate other nerve pathways to carry 
the sensation to the proper interpretation 
centers so that whenever the nerve ending 
was stimulatec by a given substance it 
would be interpreted as having the correct 
taste. At first it was thought that this 
would probably require several sessions 
with the patiert, but to our amazement 5 
of these patients regained a complete sense 
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of taste af-er the first period of instruction 
under hynosis. Two patients required the 
second session. The patient was induced 
into hypnosis and asked to extend his 
tongue. Small cotton applicators were used 
to apply salt to the tongue. This was done 
repeatedly, each time saying to the patient, 
“This 15 5: 16, this is salt." The patient was 
instructed to indicate when it began to taste 
saltv. The process was repeated using lime 
juice for sour, sugar for sweet, and 1.Q.5. 
tonic for bitter. It was necessary to go 
through tiese four basic tastes over and 
over agair in varying order and to ask the 
patient to identifv each while under hvp- 
nosis. After the pattern was definitely 
established and the interpretation of that 
stimulus was set, the sensation became rela- 
tivelv permanent, and foods began to have 
a normal -aste. 

Anesthesia is brought about by blocking 
out the interpretation of a stimulus be- 
tween the conscious апа subconscious 
levels. With chemical anesthesia the path- 
way of the stimulus may be blocked at any 
level from the nerve receptor to the inter- 
pretation center. This may be done by local 
anesthesia in which the stimulus does not 
go beyonc the level of the block or it may 
be done bv a general inhalation or intra- 
venous aresthesia so that the stimulus 1s 
blocked between the subcortical and corti- 
cal neurors. Of course, this is brought about 
bv the chemical blocking of the pathway. 
In hypnosis the same phenomenon 1s pro- 
duced by the failure to recognize or inter- 
pret the stimulus. It is quite obvious that 
the stimu us 15 still present but, unless it 1s 
interpreted in the conscious center as pain, 
no pain exists. In other words, the same 
kind of paysiologic reaction that 1s caused 
by chemical anesthesia occurs without the 
use of a toxic agent. 


PRACTICAL APPLICATION 


Hypnosis has been used to control the 
anxiety o: patients with malignancy for the 
past three and one-half years. A very care- 
ful explaration is given to the patient that 
hypnosis is not intended to replace any 
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part of the organic treatment of their 
disease but rather that it will help to con- 
trol themselves emotionally during and 
following therapy. The patients are usuallv 
induced into hypnosis on their first visit so 
that the anxiety and shock associated with 
their becoming aware of their disease mav 
be allaved. At their first visit thev are also 
given suggestions of well-being betore oper- 
ation and are given a signal by which they 
can re-enter hypnosis quickly before sur- 
gery. 

The patient is hypnotized the second time 
as a pre-anesthetic agent and at this time 
is given instructions for feeling well after 
the operation is completed. 

When radium is inserted during surgery, 
the patient is instructed to disregard the 
radium needles, to eat normally and to 
have normal physiologic function of the 
gastrointestinal tract. In cancer of the 
uterus, radium is left in place for ive days 
and the vagina 1s packed to its full capacity 
with gauze. These patients are put on a 
liquid diet and are given post-nvpnotic 
suggestions to drink large quartities of 
Huid, to have no desire to have a bowel 
movement until the radium is removed, 
and to have normal bowel function after 
the removal of the radium. 

Patients are again hypnotized just before 
the removal of the radium and are given 
suggestions of amnesia for ths entire 
period. Since they are hynotized, they have 
complete muscle relaxation, which allows 
easy removal of the radium. In many cases 
they are able to control bleeding. The pa- 
tient 1s ready to leave the hospital or office 
with no side reactions as soon as the radium 
has been removed. 

Approximately 50 per cent of terminal 
cancer patients who suffer severe pain are 
poor subjects and, therefore, the time re- 
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quired for hypnosis is prohibitive. These 
patients are best controlled by narcotic 
administration. The remaining 59 per cent 
of the terminal cancer patients can receive 
some degree of pain relief and relaxation 
from hypnosis. About 10 per cent of this 
latter group can be taken completely off 
narcotics. These patients constitute the 
dramatic cases. The ideal situation is to 
start using hvpnosis in the earlv phases of 
the disease before pain becomes an impor- 
tant factor. The ability of the patient to 
hvpnotize himself and to keep anxietv 
under control from the onset of the disease 
will usually eliminate the need for heavy 
narcotics and severe pain problems are un- 
likely to develop. In this last group of cases 
it Is rare for the patient to require more 
than aspirin or, at most, a grain of codeine 
for pain control. Experience has taught me 
that pain is about то per cent organic in 
origin and go per cent emotional, which 
builds up through uncontrolled anxiety. If 
the emotional factor can be eiminated, 
only moderate analgesic agents are required 
for the control of organic pain. 

Hypnosis is useful in the care of the 
majority of patients, but approximately 20 
per cent of the patients will not readilv 
go into hvpnosis. When these individuals 
are encountered, one simplv goes back to 
using all the drugs and sedatives that we 
have used in the past. Hvpnosis does not 
replace good drug therapv. It is an addi- 
tional therapeutic agent to be used in the 
management of patients, when indicated. 
815 Medical Arts Building 
Fort Worth, Texas 


REFERENCE 


1. Monrurs, О. L. Radium therapy of cancer of 
head and neck. South. M. T., 1957, 50, 362-366. 


(Gs) 


Voi. 8t, Мо, $ 


CALCIFIC TENDINITIS OF THE SHOULDER JOINT 
PRESENTATION OF 136 CASES TREATED BY IRRADIATION 


By FRANCIS P. MILONE, M.D.,* and MURRAY M. COPELAND, M.D.1 


HOUSTON, TEXAS 


HE literature is replete with papers 

dealing wrth various methods of treat- 
ment for calcareous tendinitis of the 
shoulder. The purpose of this presentation 
Is to report 136 cases of calcareous tendini- 
tis treated by roentgen therapy with the 
immediate and long term results. A review 
of the literature has been made for further 
evaluating irradiation as a form of therapy. 
The clinical aspects and histopathologv of 
the process are presented with a brief re- 
view of treatment bv needling, aspiration 
and open surgery. 

Duplay? in 1872 first described "peri- 
arthritis” of the shoulder joint as a syn- 
drome. In 1956, Codman"™ elaborated on 
the clinical aspects of the syndrome. 
Painter? in 1907 first recognized calcareous 
deposits in the shoulder joint, believing 
that these deposits were calcium salts in 
the subacromial bursa. Sandstróm and 
Wahlgren”? in 1937 introduced the widely 
used term, peritendinitis calcarea. This 
entity has also appeared in the literature 
under various other names including Du- 
plav's disease, periarthritis humeroscapu- 
laris, bursitis subdeltoidea, bursitis calcu- 
losa, para-arthr tis, para-articular calcifica- 
tion, periarticular calcification, subacromial 
calcification and subdeltoid calcification. 
Since calcium is deposited primarily in the 
tendon tissues and тау be found secondar- 
ilv in the bursal cavity due to rupture of the 
calcium contents from the tendon deposit, 
the authors feel, as do others,?^* that the 
term, tendinitis calcarea, or calcific tendin- 
itis, seems More appropriate. 


ANATOMY 


To aid in the discussion of the pathology 
of calcific tendinitis, a brief review of the 


pertinent aspects of the anatomy of the 
shoulder is presented. It is a synovial joint 
of the ball-and-socket type in which free- 
dom of motion is developed at the expense 
of stability. The head of the humerus artic- 
ulates loosely with the shallow glenoid cav- 
ity of the scapula which is deepened by the 
glenoid labrum. The capsular ligament 1s 
attached to the margin of this structure and 
the anatomic neck of the humerus. Rein- 
forcement of the joint capsule is maintained 
bv weak ligaments (the coracohumeral and 
the glenchumeral). The tendons of the 
muscles ої the musculotendinous cuff exert 
a stabilizing etfect. The anterior part of the 
capsular l:yament is immediately related to 
the tendom of the subscapularis muscle, the 
superior part to the supraspinatus tendon 
and the posterior part to the tendons of the 
infraspinatus and teres minor muscles. The 
long tendon of the biceps passes antero- 
superiorly in continuity with the synovial 
lining of the capsular ligament. 

There are no fewer than six bursae com- 
monly found around the shoulder joint, the 
largest and most important being the sub- 
acromial er subdeltoid bursa, which sepa- 
rates the middle fibers of the deltoid, the 
acromion and the coracoacromial ligament 
trom the supraspinatus, infraspinatus, and 
subscapularis tendons. The tendon of the 
supraspinatus muscle is immediately be- 
low the floor of the subacromial bursa, and 
it is this tendon that is usually, though 
not always, involved in calcific tendi- 
nitis,:!*5*7 Тһе acromion process and 
coracoid process with the coracoacromial 
ligament ‘orm a wide superior arch to in- 
crease the joint stability. All of these struc- 
tures are covered by the deltoid muscle. 

There is little doubt that synovial tissue 
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is relatively insensitive when compared 
with the joint capsule. This has been dem- 
onstrated in both experimental work on 
animals and in patients." The prc priocep- 
tive pain and pressure fibers terminate 
primarily in the joint capsule.” 

ETIOLOGY 

Etiologic factors include the observation 
by Wells*® that the oxidation in necrotic 
areas of tendon is at a minimum due to poor 
circulation. This results in a reduction in 
the carbon dioxide content of the tissue 
with an increased alkaline reaction, thus 
causing precipitation of calcium sa ts in the 
necrotic zones. Conversely, should the cal- 
cium deposit arouse an inflammatory pro- 
cess around it, the resulting hyperemia and 
increased vascularity will increase the oxi- 
dation and carbon dioxide in the tissue, 
changing the reaction from alkaline to acid 
and thus causing absorption of calcium 
deposits. 

Deposition of calcium in the necrotic 
tissue, according to some authors,'?:*3 ac- 
centuates the tension already present, add- 
ing to the acuteness of the situation. Relief 
from symptoms produced by tensicn can be 
brought about by rupture of the bursa 
spontaneously or by mechanica. means 
such as needling, aspiration or surgical ex- 
ploration. Such relief can also be accom- 
plished by the use of roentgen therapy. The 
hyperemia accompanying roentgen therapy 
probably accounts for the resorption of 
calcium in many cases so treated. 

Allergy,’ lowered metabolic rate’ and the 
possibility of relative vascular stas s, which 
may account for the possible stagmation of 
toxins, have been suggested as factors pro- 
ducing the changes in calcific tendinitis. 
Trauma as an etiologic factor, when con- 
sidered in terms of the relationship between 
the time of its occurrence and the develop- 
ment of symptoms, is usually ruled out, 
although occasionally trauma may tend to 
accentuate an already existent degenera- 
tive process. In only 4 of our 136 eases did 
trauma seem to be related as an in mediate 
cause. Such experience has been recorded 
in other reports.47: 73,14,82 
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PATHOLOGY 

Codman"™ pointed out fifty-four years 
ago that calcium deposits about the 
shoulder are found most frequently in the 
distal portion of the supraspinatus tendon. 
The initial lesion is a degeneration of the 
fibers of the tendons making up the rotator 
cuff of the shoulder; it lies on the foor of the 
bursa and therefore separates it from the 
shoulder Joint and the cartilaginous surface 
of the head of the humerus. In this situa- 
tion, the tendon is avascular and subject to 
abnormal pressure and compression. It is 
in these degenerated areas of the tendons 
that the calcium is deposited, eventually 
reaching the tendon and surface floor of the 
bursa. The calcium deposit on occasion 
ruptures into the bursal cavity. The pres- 
ence of the degenerated material in the 
tendon was described by Codman'*? as the 
cause of the inflammation of the tendon 
and eventually the bursa. 

The calcium deposits frequently are en- 
capsulated and foreign bodv giant cells 
about the deposit may be a histopathologic 
feature. Friedman? observed calcium de- 
posits in the supraspinatus tendon, in the 
majority of cases, presenting as a vellow- 
white elevation in the tendon beneath the 
bursa. Hv peremia and edema often accom- 
panied such changes without evidence of 
tear or rupture of the rotator tendons. 
Mead" and Sandström”! found degenera- 
tive changes in the tendons of the joint 
capsule and bursal wall but never noted free 
calcification in the bursa. 

Pedersen and Key? reported that in their 
studies the bursae in calcareous tendinitis 
and subdeltoid bursitis contain only a small 
amount of thin, clear svnovial fluid. The 
floor of the bursa is smooth except for the 
area where the calcium deposits are located. 
In such areas a furuncle-like prctrusion is 
noted on the bursa floor with some fibrin 
adherent to the inflamed surface of the 
swelling. This focus involves the substance 
of the supraspinatus tendon, projecting 
slightly above the surrounding surface, and, 
when incised, is noted to be under a great 
deal of pressure. In those patients with 
severe pain and disability (acute type), the 
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deposits consist of a thick, creamy mate- 


rial under pressure. Following removal of 


the calcium from the tendon, the cavity 
walls are noted to be ragged and necrotic. 
In the deposits associated with chronicity, 
the walls are drv and avascular and the 
material usually 15 chalk-like in nature. 
These authors nave also studied а variety 
of cases by making longitudinal incisions 
into the tendon on either side of the main 
or largest calcium deposit. They have en- 
countered other foci, varying in size from 
the lower limit ef visibility to 1 cm. or more 
in diameter. These foci are not necessarily 
visible in the roentgenogram, nor is there 
any indication of their presence on exam- 
ination of the surface of the tendon. 
Sandstróm and Wahlgren? have found, 
bv tendon biopsv, thickening of the media 
of small arteries with resultant stenosis or 
total occlusion of the lumen, leading to 
ischemia. Granvlation tissue with evidence 
of vascularizaticn exists around the calcium 
deposits. In cases previously treated with 
roentgen therapv, this granulation tissue 
was found to be more extensive than in 
those cases which were not irradiated. 
Chemical analysis of the calcium de- 
posits shows that they are similar to 
bone. ??*5? The ratio of calcium to phos- 
phorus is 2:3; calcium phosphate and car- 
bonate make up 70.3 per cent of the drv 
weight (58 per cent and 12.3 per cent, 
respectively), апа about 30 per cent 15 
organic material. CodmanP reported that 
44.2 per cent of the calcium compounds 


was made up of calcium oxalate. Traces of 


magnesium, sulfur and cholesterol were 
found but uric acid was noted to be absent. 
Pedersen and Кеу were unable to dem- 
onstrate the presence of fat or soaps, al- 
though Klotz? believed that this always 
preceded deposition, being a prerequisite 
for fixation of the calcium. 

Cultures have shown the calcium to be 
sterile. The caleium content of the blood 
has been studied^ апа found to be within 
normal limits. 


INCIDENCE 


Bosworth, 2 shoul- 


in his survey of 12,12 
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ders, found calcium deposits in 2.7 per cent 
of those cases without svmptoms. These 
examinations were bv fluoroscopy, with 
roentgenozraphv when calcium | deposits 
were suspected. Аз a result, thin deposits 
could have been overlooked. Marked clini- 
cal symptoms at some time were present in 
34-4 per cent of those cases in which there 
was roentgen evidence of calcification. In 
other series!*! 9 of roentgen examinations 
of painful shoulders in the general popula- 
tion, the mcidence of calcification has con- 
sistently been between 43 and 44 per cent. 

Sandström,” in a follow-up of 20 patients 
having asymptomatic calcium deposits in 
the shoulder, noted that 12 of them became 
symptomatic within a five year period. 
Arner ef al. in a follow-up of 85 cases of 
calcific tendinitis of the shoulder Joint over 
à period ef three and one-halt vears, ob- 
served that calcareous deposits developed 
eventually in the “sound shoulder," so that 
more than half of these patients eventually 
had bilateral calcium deposits with or with- 
out symptoms. 

CLINICAL FEATURES 

A total of 226 patients have been fol- 
lowed in the Oncology Department of the 
Georgetown University Hospital during 
the past decade for evaluation of shoulder 
pain. Following extensive study and careful 
exclusion of other sources of pain, a total 
of 136 cases with roentgenographic evi- 
dence of tissue calcification in the shoulder 


joint region prior to roentgen therapy was 


found satisfactory for this presentation. 
The diagnosis of calcific tendinitis 1s 
based upon an adequate history, physical 
examinatien and roentgen studies. Pain and 
tenderness are usually situated just lateral 
to the distal end of the acromion. This is 
frequently accentuated by motion. Insom- 
nia due to the severity of the pain may be 
elicited fram the patient in taking his his- 
tory. There is usually no significant associ- 
ated illness in the past history. Occupation 
bears little or no relationship. Only 2 pa- 
tients in this series had concurrent renal 
calcification and in neither of these was 
there evicence of parathyroid disease. 
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Physical examination often revealed limita- 
tion of motion most marked in abduction, 
internal or external rotation. 

The average age in our series of patients 
was 45.2 years.5:105167,7,3? The age range 
was 26 to 67 years, with 76 per cent of the 
individuals being between the ages of 35 
and 55. 

Calcific tendinitis occurred in a ratio of 
2:1, with the predominance existing in the 
female group (63.2 per cent to 36.8 per 
cent). 51 Some reports have shown 
neither sex predominating.?* 73-83 

The right shoulder was involved in 61.1 
per cent of the cases, the left shoulder in 
30.1 per cent, while 8.8 per cent had bilat- 
eral involvement. Other series? 5:39.59 also 
have shown that the right shoulder is more 
frequently involved. It would appear that 
excessive use of this arm (most people are 
right-handed), especially in the abducted 
position, may be responsible, through an 
accumulative effect, for the advanced de- 
generative change, as mentioned by De- 
Palma? 

Ninety-one cases (68 per cemt) were 
noted to have a point of tenderness most 
pronounced over the greater tuberosity of 
the humerus (site of the inserticn of the 
supraspinatus tendon). Skin or tempera- 
ture changes were usually not found. 

ROENTGEN FINDINGS 

Proper roentgenographic examination of 
the involved shoulder will reveal the posi- 
tion of the calcific deposits. Ths should 
include posteroanterior roentgenograms of 
the shoulder with both internal and ex- 
ternal rotation of the humerus. Extreme 
external rotation will show a deposit situ- 
ated in the subscapularis tendon; ‘ull inter- 
nal rotation will reveal changes in the teres 
minor tendon, while moderate internal ro- 
tation will demonstrate calcium m the in- 
fraspinatus tendon. The use of special 
roentgenographic techniques, such as the 
short focal spot with magnification. and 
with or without intensification, wi | demon- 
strate many and widespread calcitic foci not 
shown by the routine roentgenographic 
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methods.” Soft tissue roentgenography 
may be necessary to demonstrate calcific 
deposits in the acute cases." 

We have found, as have оғһегѕ, 2:022 that 
statistically there 1s no significant correla- 
tion between the roentgenographic appear- 
ance of the deposits and the clinical fea- 
tures of the condition, nor is there anv re- 
lationship between the size of the calcium 
deposits and the severity of the symptoms. 
The amount of calcium present varies di- 
rectly with the density of the shadow which 
the deposit casts on the roentgenogram; 
the thin, milk-like material presents as a 
faint shadow while a large chalkv deposit 
produces a dense homogeneous shadow." 
The calcium deposit usually appears as a 
well-defined, thin, round, oval or multiloc- 
ular shadow usually located in the antero- 
superior region of the shoulder just above 
the greater tuberosity or under the acro- 
mion. In our series, 117 cases (86.6 per cent) 
had roentgenographically demonstrable 
calcium deposits in the region of the su- 
praspinatus tendon. 


CLASSIFICATION 


For a proper evaluation of the results of 
therapy, a practical clinical classification of 
the cases reported is essential. Our classi- 
hcation differs from that usually presented 
in the literature in that we have added a 
fourth group, 7.e., chronic cases with acute 
exacerbation. Ап acute exacerbation fol- 
lowing a chronic phase is a prognostic sign 
indicating a favorable response, as con- 
trasted with the chronic cases showing no 
exacerbation. 

1. dcute. Those patients with a sudden 
onset of pain in the shoulder, accompanied 
by spasm of the surrounding muscles and 
acute tenderness in the area of the involved 
tendon. Pain is most severe in extreme 
abduction and/or internal or external ro- 
tation. Duration of symptoms, from a few 
davs to two weeks. 

2. Subacute. Characterized by aching 
pain in the shoulder, moderate limitation of 
movement, but little or no localized ten- 
derness over the tendon. Pain is accentu- 
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ated with motion of the shoulder in abduc- 
tion or rotation. Duration of symptoms, 
three to eight weeks. 

3. Chronic. Those patients with dull, 
persistent and chronic pain. No limitation 
of motion or point tenderness 15 usually 
noted. In some individuals, pain is absent 
and recurs only witn extreme motion. Dur- 
ation of symptoms, three or more months. 

4. Chronic with Acute Exacerbation. 
Those whose symptoms are similar to the 
chronic group but who experience a sudden 
exacerbation of severe pain, attended by a 
marked degree of limitation of motion of 
the shoulder with tenderness over the in- 
volved bursa. 


TREATMENT 


Various forms of treatment have been 
advocated since this entity was first de- 
scribed, including ammonium chloride, iron 
cacodylate, irradiated blood, vitamin A, 
penicillin, physical therapy, ultrasonic 
waves, traction. diathermy, needling and 
aspiration of calcific deposits, open surgery 
with excision of the calcium, and irradia- 
tion. There are those who feel that no 
specific therapy 15 necessary but that re- 
gression of svirptoms and absorption of 
calcium deposits will result if given suffi- 
cient time.?*5 [t 15 generally accepted that 
conservative therapy should be tried before 
any extensive surgical procedure is em- 
ployed. The mest successful conservative 
methods used thus far are: (1) needling and 
aspiration of the calcific deposits followed 
by the injection of procaine and hydrocor- 
tisone; and (2) roentgen therapy. 


NEEDLING AND ASPIRATION 


Needling is г conservative method of 
surgical decompression in the treatment of 
calcific tendinitis. This procedure consists 
of local infiltration of the calcific deposit 
with a 2 to 4 сє. suspension consisting of 
equal parts of a 1 per cent local anesthetic 
(procaine, novocaine, etc.), and hydrocor- 
tisone, which is disseminated throughout 
the inflamed tissues to exert an anti-inflam- 
matory eftect. 
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Mead” presented 47 acute cases of cal. 
cific tendmitis treated by one injection. 
Results were excellent in 40 of these 47 
cases, with 33 experiencing prompt relief. 
Of the 35 chronic cases with acute exacer- 
bation, 25 had an excellent response, with 
20 receiving prompt relief. Treatment of 
subacute and chronic cases resulted in an 
indefinite response. 

Harmor?? presented a series of 496 cases 
subjected to approximately 750 separate 
puncture or needling procedures. During 
the past few vears he has used a 2 to 4 сс. 
suspension of 0.§ per cent xylocaine or 
cvclaine and hydrocortone (25 mg. per cc.) 
or prednisolone (25 or 30 mg. per cc.). 
Clinically, excellent results were obtained 
by this method alone in 314 shoulders (78.9 
per cent), with disappearance of symptoms 
in fourteen days or less after the last injec- 
tion. Two hundred and sixteen. shoulders 
(54.3 per cent) required two or more injec- 
tions. The most dramatic response was 
found in those shoulders demonstrating 
significant or moderately acute symptoms. 
Harmon feels that there 1s less pain and less 
need for sedation with the use of cortone 
drugs thar with local anesthetics alone. 

Friedman? reported relief of pain in 64 
of 75 acute shoulders and Quigley? in 19 
of 25 simlar cases, using the injection 
technique. The latter author states that the 
addition of hyaluronidase to the procaine 
hydrocortisone mixture definitely improved 
the clinical results. Hyaluronidase enhances 
the dissemination of the hydrocortisone in 
the involved tissues. 

Murnaghan and McIntosh? treated 27 
patients wath xylocaine injections and 24 
with hydrocortisone alone. They concluded 
that there was no difference in the results 
for the two groups and consequently ex- 
pressed doubt as to the effect of hydrocor- 
tisone upon calcific tendinitis. 

Krook?” treated 6 cases of calcific ten- 
dinitis with penicillin and improvement 
was noted in three days in all cases. After 
twelve days all patients were able to con- 
duct their usual work. Although this series 
was small, the author felt it indicated a 
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possible bacterial etiology of ca cific ten- 
dinitis. 

Although complications are infrequent 
with the needling and aspiration procedure, 
constant caution must be exercised to pre- 
vent the introduction of bacteri into the 
joint. 


SURGERY 


In the surgical approach to treatment of 
calcific tendinitis, a transverse or, prefer- 
ably, a longitudinal incision is made in the 
skin lateral to the acromion process and 
exposing the deltoid muscle, which is then 
split, revealing the subdeltoid bursa. The 
calcium deposits are excised from the su- 
praspinatus tendon through the bursa.” 
Pendulum exercises are initiatec the first 
day following surgery and most patients 
return to work in three or four days. 

Pelland and Hoffman™ reported com- 
plete relief of all symptoms in 36 of 38 pa- 
tients who had excision of the calcium 
deposits. Harmon? also performed direct 
surgical excision of calcific deposits in 104 
cases. In three to five days, 83 cases (79.8 
per cent) achieved full active motion. He 
contrasted the incidence of postoperative 
pain and stiffness following surgical excision 
(20 per cent) with that observed following 
injection of local anesthetics and needling 
(66.6 per cent). The follow-up period ex- 
tended from six months to eight years in 
these 83 patients (92 shoulders). Roentgen- 
ograms were made every six months for 
two vears and at intervals of from one to 
two years thereafter. In no case in which 
there had been complete initial removal of 
all the deposits was any increase or redep- 
osition of calcium noted. Less s: tisfactorv 
results were obtained in noncaleific. ten- 
dinitis. It was not necessary to carry out an 
excisional operation in any case of calcific 
deposit in the subscapularis tendon as none 
presented with acute symptoms. All re- 
covered following needling and sedation. 

Other surgical procedures, such as exci- 
sion of the acromion process?" or partial 
outer claviculectomy,’ will not be dis- 
cussed in this paper. 
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ROENTGEN THERAPY 

Technique. Our experience in treating cal- 
cific tendinitis is limited to patients receiv- 
ing roentgen therapy. The patients selected 
had not had previous irradiation. The 
treatment consisted of administering 150 r 
as measured in air on each of three consecu- 
tive davs, alternating between three por- 
tals about the shoulder. The following 
physical factors were used: 250 kv. and 
filtration equivalent to 1.95 mm. Cu half 
value laver; 15 ma.; source target distance 
of 50 ст.; and a portal size of 10X 10 cm. 
The portals included an anterior, posterior 
and lateral field. Some overlap of the fields 
occurred. 

A review of the literature indicates that 
the various techniques used in roentgen 
therapy are not markedly different.” 18.29.49.51 
There appears to be little benefit in thera- 
peutic effect from the use of deep as con- 
trasted with superficial roentgen therapy. 

The reason for a favorable response to 
roentgen therapy Іп symptomatic calcific 
tendinitis has never been clearly deter- 
mined. Certain biologic effects of irradia- 
tion, however, are known. The hyperemia 
which occurs after specific dosages of roent- 
gen therapy improves circulation. It may 
be postulated that this brings about a re- 
duction of edema and pressure on the 
nerve endings which cause pain about the 
joints, and that possible toxins which may 
be present are removed. Improvement in 
the inflammatory process may also be due 
to the liberation of antibodies through de- 
struction of leukocytes. Furthermore, ir- 
radiation may aid in the removal of calcium 
by the production of hyperemia.” 

Results. А review of the more recent re- 
ports in the literature concerning results of 
treatment is presented in Tables 1, 11, and 
пт. Due to the various methods of grading 
of results, the reports of Arner et al’ pre- 
sented in Table п and those of Garber” and 
Mann? in Table їп seem pertinent. In the 
patients classified as having acute symp- 
toms, favorable results varv from 87 to 100 
per cent, and in those classified as chronic 
from 33 to 95.5 per cent had a favorable 
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Taste I 


RESULTS OF ROENTGEN THERAPY IN CALCIFIC TENDINITIS OF THE SHOULDER 
FROM RECENT REPORTS IN THE LITBRATURE 


























No. о 
Author Са ' | 

ases | Acute Subacute 

kratzman and Frankel) — 220 98.12 | 95.65 
98.72 93.75 
Hodges and Bover? 200 89.00 75.00 
= d i 

Young™ 87 87.00 | 82.00 
Chapman? 54 94.00 | 77.00 
Shoss and Otto? 96 97.30 = 

93 | 98.60 = 
Wirt and Titterington™ 50 96.00 
Abel and LomhotF 134 88.00 | 84.00 





course. Adequate late follow-up results 
were recorded in two series— Kratzman and 
Frankel, and Shoss and Otto? (Table 1). 
In both series, the response in the acute 
group is essentially equal. The discrepan- 
cles of results in the various reports in 
Tables т, п, and mr may result from varia- 
tions in interpretation of the clinical data 
bv che authors. 

In our series of cases an excellent re- 
sponse was recorded if the patient exhibited 
complete subjective and objective relief. 
Only those patients who were totally as- 
vmptomatic folowing roentgen therapy 
were included in this group. Those classi- 
hed as having a good response were patients 
who experienced onlv minimal tenderness 





Favorable Results (Per Cent | 











Remarks 

Chronic 

75.54 | Immediate resul 

AART mmediate results 

80.64 | Late results (three months or more) 

No evaluation 
| D 

33.00 

33.00 

87.50 | Immediate results 

95.50 Late results (eight months or more) 
85.00 | 

55.00 





on palpaton, with occasional or no pain 
and no limitation of motion. (It is to be 
noted in Tables iv and v that the excellent 
and good -esults are totaled in the column 
titled "Tctal Favorable Response.") Any 
patient nct showing a favorable response 
was automatically registered in the poor 
response category. Many patients in the 
latter graip did experience some sub- 
jective апі objective relief but not to the 
degree that warranted classification into 
the favor: ble response group. Due to the 
strictness »f classification, our results show 
a slightly higher percentage of patients 
with a poer response when compared with 
those in the literature. 

In all cases, calcific deposits were dem- 


TABLE II 


RESULTS OF ROENTGEN THERAPY FROM THE LITERATURE &EPORTED BY ARNER ET AL.’ 








= — 














Favorable Results (Per Cent) | 











N А | Chronic 
INO. Of with Remarks 
Cases Acute | Chronic | Acute 
Exacer- 
bation 
89 100 91.7 65.2 | Lateresults (-hree and one-half years) 
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Tase III 
RESULTS OF ROENTGEN THERAPY FROM THE LITERATURE REPORTED BY GARBER” AND MANN? 
Over о Per Cent Reso- 
Good Clinical Response | lution of Calcium | Failures 
Author No. of Cases after Therapy T 
No. Per Cent | No. Per Cent No. Per Cent 
Garber” 64 6c 93.99 31 51.6 4 6.25 
Mann? Че 47 94.00 | sł 6.00 














1 Roentgen evidence of calcium disappearance was noted on subsequent roentgenograms. 
I These 3 cases, listed as failures because of re-urrence six months to one year later, responded satisfactorily to a second course 


of irradiation. 


onstrated in the shoulder joint bv means ot 
roentgenographic studies prior to the initia- 
tion of therapy. The results of treatment 
for the period of immediate evaluation 
(three days to four weeks) are presented in 
Table ту (136 cases). Table v shows the 
results in 50 cases followed lorger than 
three months. 

In the immediate follow-up period, 54 
patients were classified in the acute cate- 
gory. Forty-nine patients (90.7 per cent) 
obtained a favorable response; on v § acute 
patients (9.3 per cent) exhibited a poor 
response. In 30 (80 per cent) of the 40 pa- 
tients who showed an excellent response, 
marked improvement of all signs апа symp- 
toms began during the three day treatment 
period. This early improvement did not 
occur in a high percentage ot che other 
groups. 


Those patients classed as subacute and 
chronic with acute exacerbation had а 
favorable treatment response in 78.6 per 
cent and in 77.3 per cent, respectively. An 
appreciable drop in favorable results was 
noted in the chronic group (62.5 per cent). 
Those patients with chronic disease had 
less response to irradiation immediately 
after the treatment period than did those 
with the acute disease or the chronic dis- 
ease with exacerbation. 

Long term follow-up was carried out by 
means of questionnaires sent to the refer- 
ring private physicians with only fair re- 
sponse (Table v). While the statistics are 
not of significance, it is interesting to note 
that a favorable response of 100 per cent 
was noted in the long term follow-up of 18 
patients originally classified as acute. Five 
of these individuals had experienced a poor 


TABLE LV 


IMMEDIATE RESULTS ОЕ ROENTGEN THERAPY IN THE PRESENT SERIES 
(THREE DAYS TO FOUR WEEKS) 





















































Response 
No. of | Total Favorable 
Classification Саш Ехсе!!епї Good | Response Poor 
No. |Рег Cent| No. |Рег Cent| No. |Per Cent; No. Рег Cent 

Acute 54 40 74.0 9 15.5 | 49 00.9 5 9.3 
Subacute 14 7 50.0 4 28.6 | 11 78.6 5 21.4 
Chronic 2 12 50.0 3 12.8 1S 62.5 9 30.6 

Chronic with Acute | 
Exacerbation 44 2 47-7 3 29.6 dd VN 10 24.5 

Total 136 | | 

il 
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TABLE V 
LONG TERM RESULTS OF ROENTGEN THERAPY IN THE PRESENT SERIES 
(THREE MONTHS TO TEN YEARS) 
Response 
No. of | Total Favorable | | 
Classification Faces Excellent Good | Response Poor 
No. | Per Cent| No. | Per Cent | No. | Per Cent! No. | Per Cent 
Acute IS | 16 88.80 2 11.306 n 100.00 s " 
Subacute 4 2 50.00 | 25.00 | 3 75.00 | І 26.00 
Chronic 19. | T £0.00 | 2 16.66 || 8 66.66 | 4 33.34 
Chronic with Acute | | 
Exacerbation 16 L1 68.75 3 18.75 14 87.50 2 12.50 
Total 50 | 
response in the period immediately follow- years. If continued poor response is noted, 
ing treatment but, in the long term follow- further orthopedic evaluation is necessary. 


up covering two to four vears, 4 of these 
patients are now shown as having a favor- 
able response. 

It would appear that patients with the 
acute syndrome, when followed over a long 
period of time, may continue to show an 
increasingly significant favorable response 
to radiation therapy. Of the group classified 
as chronic with acute exacerbation, 3 of the 
10 patients having a poor response in the 
immediate follow-up period were noted to 
have a favorable response in the long term 
tollow-up. In the chronic group, 4 of the 9 
patients with a poor response in the period 
immediately following irradiation exhibited 
a favorable response in the long term pe- 
riod. In the group of patients classified as 
chronic with acute exacerbations, there is 
an increase of Io per cent in the favorable 
response group evaluated over the long 
term period as compared with the immedi- 
ate follow-up period. 

Fifteen cases (11 per cent) required re- 
peat therapy consisting of a second course 
of irradiation (150 rX3 days), the results 
of which are listed in Table ут. The therapy 
was usually administered within a ten to 
sixty day period after the first course be- 
cause of recrudescence of symptoms. Re- 
peat treatment was given in individual 
cases at thirteen months, two vears, four 
years, and, in one instance, at seven 


Seven patients noted an exacerbation of 
symptoms during the seventv-two hour 
treatment period but subsequentlv pro- 
gressed to a favorable response. These 7 
are classified as follows: acute 3, subacute 
I, and chronic with acute exacerbations 3. 
Steen and McCullough” believe that such a 
response during treatment is a good prog- 
nostic sigr. Thev also suggest that those 
patients who have received other tvpes of 
therapy pior to roentgen irradiation ob- 
tain less favorable results than those who 
have not received prior therapy. This has 
not been cur experience. Of those patients 
obtaining a favorable response in the im- 
mediate post-treatment period, approxi- 
mately sc per cent in each group had 
received previous local therapy (z.e., dia- 
thermy, heat, procaine and/or intra-articu- 
lar hydrocortisone) which apparently had 
had little or no effect on the response to 
roentgen therapy. 

In those cases where follow up roentgen- 
ograms were avallable, complete disap- 
pearance cf calcium deposits was noted. In 
most instances these studies were obtained 
eight monchs after therapy, although this 
does not imply that the process of calcium 
removal requires such a long period. In 
the literamire*® intervals of time for the 
disappearance of calcium vary from two 
days to six months in those patients treated 
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Tase VI 

RESULTS IN 15 PATIENTS RECEIVING AN ADDITIONAL COURSE OF ROENTGEN THERAPY 

"pni Immediate [Interval between F 

Classification Response ; MANDA End Result 
Acute Excellent | 13 months Good 
Acute Good | 2 weeks Good 
Acute Poor 2 weeks Excellent 
Acute Good 2 weeks Excellent 
Acute Poor 2 vears Excellent 
Acute Good 2 months Pocr 
Subacute Poor | 1 month | Pocr 
Subacute Poor 10 days Good 
Subacute Poor | IO days Excellent 
Subacute Poor | | 2 weeks—second course Рост 

7 years—third course 

Chronic Good 13 months Good 
Chronic Poor 10 days Poor 
Chronic with Acute Exacerbation Excellent 4 vears Excellent 
Chronic with Acute Exacerbation Poor 2 weeks Good 
Chronic with Acute Exacerbation Poor 3 weeks Excellent 


by irradiation. Clinical symptoms entirely 
disappear long before the calcium is com- 
pletely resorbed.? Many patients n whom 
the deposit was unchanged on follow-up 
roentgenograms obtained a favorable re- 
sponse. 


DISCUSSION 


klein and Klemes* reported that: (a) 
following incision and curettement of cal- 
cification in tendon sheaths about the 
shoulder a two to five day disability was 
observed; (b) following roentgen therapy 
the average period of disabilitv was ten 
days, with reduction of the calc fication; 
and (c) following physiotherapy the aver- 
age period of disability was about fifty 
days, with or without reduction of calcifica- 
tion. 

In our patients who had the acute syn- 
drome with an excellent response, 80 per 
cent noted a definite improvement within 
seventy-two hours after roentgen therapy. 
Pendergrass and Hodes" state: “Ordinarily 
the acute symptoms subside in one or two 
weeks without treatment. The usual course 
in patients benefited by irradiation is less 
than one week." Shoss and Otte,” using 
roentgen therapy, found that half of their 
acute cases exhibited a satisfactory remis- 
sion in one week. 


Several authors***4 state that no spe- 
cific therapy is necessary, since the com- 
plete alleviation of symptoms and disap- 
pearance of calcium will occur in a matter 
of time. Mead?! reports that pain subsided 
in three to seven days without therapy and 
roentgenograms of the shoulders in these 
patients showed diminution or cisappear- 
ance of calcium deposits during the con- 
valescent period. Jones? reports “‘spon- 
taneous’ recovery with absorption of the 
calcified deposits in fourteen to twenty- 
eight days in 6 cases treated with simple 
rest, heavy sedation and active movements 
within tolerance. Plenk' made a study of 


38 patients, 21 of whom received irradia- 


tion; the remaining 17 were used as a con- 
trol group and had been placed in front of 
the roentgen-ray unit but a 5 mm. lead 
shutter prevented any radiation exposure. 
He reported satisfactory results in both the 
treated and the control group, the average 
period for improvement being eleven days 
in each group. Plenk reasoned that, in the 
acute cases, the calcified tendon sheath is 
under tension and ruptures with deposition 
of the calcareous material into the bursa; 
this is readily absorbed in a matter of days 
or weeks, with acute pain subsiding without 
therapv. In the chronic cases, accumulation 
of calcified necrotic material in tae tendon 
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is not rapld or extensive enough to lead 
to rupture. 

While we feel that most cases of symp- 
tomatic calcific tendinitis will improve in 
time without treatment, use of the accepted 
methods of therapy is desirable to prevent 
patients from suffering long-continued dis- 
ability and discomfort. With conservative 
means, such as roentgen therapy and/or 
needling and aspiration with injection of 
procaine and hydrocortisone, one can lessen 
the period of morbidity and attempt to 
prevent such complications as adhesive 
capsulitis, which may result from continued 
immobilization due to pain. With early 
mobilization made possible by therapy and 
active exercises, patients are able to return 
to normal living without apparent difh- 
culty. Splinting the affected area should be 
avoided.*° 

Success in the treatment of calcific ten- 
dinitis of the shoulder depends upon the 
severity of symptoms. Acute cases respond 
dramatically te conservative treatment. 
Roentgen therapy is a highly successful 
form of treatment for calcific tendinitis of 
the shoulder, producing favorable results 
equal to those ef the needling and aspira- 
tion procedure with local anesthetic and 
hydrocortisone mjection. Those cases which 
respond poorly to repeated conservative 
therapy require surgery; however, irradia- 
tion 1s preferable tor those patients with a 
cardiac or hematologic problem which 
can present obvious complications for sur- 
егу. 

Garber? believes that there is no signifi- 
cant difference in the clinical end result, 
whether calcification is present or not. 
After careful study of 25 patients having 
tendinitis without calcification, we feel that 
roentgen therapy 15 contraindicated in this 
group because of the usually poor response 
and, in some cases, exacerbation of symp- 
toms. These patients should be under the 
care of an orthopedic surgeon for full eval- 
uation and care. 


Сус, 


SUMMARY 
I. An analvsm of 136 cases of calcific 
tendinitis of the shoulder treated bv roent- 
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gen therapy is presented, with immediate 
and long term follow-up studies. 

2. A clmical classification is given and 
the differences in the results of roentgen 
treatment are shown by а comparative 
study of the various clinical groups. Pa- 
tients with the acute syndrome experience 
the most favorable response from roentgen 
therapy in both the immediate and late 
tollow-up periods. 

3. A discussion of the etiology, pathol- 
ogy and other forms of treatment of cal- 
cific deposits about the shoulder joint is 
included. 

4. Data from the literature concerning 
roentgen therapy of calcific tendinitis are 
tabularly compiled. 


Murray M. Copeland, M.D. 

M. D. Anderson Hospital and Tumor Institute 
Texas Medical Center 

Houston, 2c, Texas 
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CHRONIC MYELOGENOUS LEUKEMIA FOLLOWING 
Га THERAPY FOR METASTATIC THYROID 
CARCINOMA* 


REPORT OF A CASE AND SOME CONSIDERATIONS 
ON THE ETIOLOGIC FACTORS 


By AHSEN OZARDA, M.D.,t UMIT ERGIN, M.D.,t and MERRILL А. BENDER, M.D.$ 


BUFFALO, NEW YORK 


To association between the exposure 
to ionizing radiation and the subse. 
quent development of leukemia has been 
commented upon for many years. Within 
the last ten years the use of radioactive 
isotopes in biology and medicine has been 
considerably increased and many attempts 
made to treat malignant tumors and allied 
diseases. I"! has been the treatment of 
choice for hyperthyroidism and some meta- 
static thyroid cancers and Р? is used for 
polycythemia vera. There have been occa- 
sional reports of leukemia possibly attribut- 
able to these agents. 

In the current literature, 8 cases of leu- 
kemia have been reported following [2% 
therapy (Table 1).52.97.1225::5 Tn. 6 of these 
cases, I?! was the main source of radiation 
administered except for that from diagnos- 
tic roentgen-ray procedures. In 2 cases, ra- 
dium or roentgen-ray therapy was also 
given. There were 4 cases of acute myelo- 
blastic, 2 of subacute myeloblastic, 1 of 
acute lymphoblastic, and 1 of acute (pos- 
sibly monoblastic) leukemia. The intervals 
between the administration of 1% and the 
diagnosis of leukemia ranged from 7 to 42 
months. 

The present report deals with a case of 
chronic myelocytic leukemia which devel- 
oped 40 months after the institution of I?! 
therapy. 


REPORT OF A CASE 


A seventy-year old white female who under- 
went maximum thyroidectomy in June, 1953, 
was found to have a large adenomatous goiter 


* From Roswell Park Memorial Institute, Buffalo, New York. 
{ Senior Cancer Research Radiologist. 

t Former Chief Resident, Department of Internal Medicine. 

§ Chief, Department of Nuclear Medicine. 


with cystic degeneration. There was also sub- 
sternal extension. Repeat histologic sections 
revealed alveolar adenocarcinoma of the thy- 
roid gland with vascular invasion. 

In November, 1953, the patient was referred 
to the Roswell Park Memorial Insti-ute with 
complaints of difficulty in swallowing, hoarse- 
ness, nervousness, palpitation, weakness, swell- 
ing of the left neck and dizziness. She had re- 
ceived tapazole therapy for a brief period. The 
history was otherwise negative except for known 
hypertension of several years’ duration. On 
admission, the patient was seen to be a moder- 
atelv obese female with dry skin and hair. The 
blood pressure was 170/110 and the pulse rate 
was 80 with a regular rhythm. Local examina- 
tion of the neck showed some induration still 
present from the previous surgery. There was 
also a mass over the anterior neck. Urine anal- 
ysis, original chest roentgenograms and bone 
survey studies were negative. Blood cell counts 
were within normal limits. Other laboratory 
findings were not remarkable. ` 

The patient was referred from the Head and 
Neck Service for consideration of treatment. 
[3! uptake and excretion studies were done and 
revealed a 30 per cent retention over the ante- 
rior neck, and a ṣo per cent excretion in 48 
hours. The resulting 20 per cent deficit sug- 
gested functioning metastases elsewhere in the 
body. Scanning studies revealed resicual func- 
tioning thyroid tissue in the right neck region. 

In view of these findings and since no further 
surgical intervention was indicated, the pa- 
tient was considered for I?! therapy. On May 24, 
1954, she received the first course of I?! con- 
sisting of 95 mc. On July 12, 1954, tae second 
course was administered with a dose of 104.7 
mc. On August 31, 1955, I?! uptake end excre- 
tion studies revealed less than 1 per cent uptake 
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TABLE I 


CASES OF LEUKEMIA FOLLOWING [isi THERAPY 








Reported Cases* Diagnosis 

















Dameshek and Gunz? | Metastatic thyroid 
carcinoma 

Blom et al.” Metastatic thyroid 
carcinoma 

Murphy! Metastatic thyroid 
carcinoma 


Metastatic thyroid | 
carcinoma 


Murphy! 


Seidlin eż al." Hyperthyroidism 


Abbott ef al.! 
Moloney!’ 


Hyperthyroidism 
Hyperthyroidism 


Delarue eż al.® | Hyperthyroidism 
Present authors Metastatic thyroid 
carcinoma 


/ 








Dose of Г!#! 


324 mct (total dose 
over 13 months) 

258 тс] (total dose 
over § months) 

1,600 mc (period 
for total dose 

| not stated) 

1,455 mc (period 
for total dose not 
stated) 

2.1 mc (total dose 
within 4 months) 

17 mc (one dose) 

7.1 mc (total dose 
within 2 months) 

5.5 mc (one dose) 

| 346.7 mc (total 

dose within 15 

| months) 





Time Interval be- 
tween the First Dose 
of I?! and Diag- 
nosis of Leukemia 


Tvpe of Leukemia 








Probably acute 
monoblastic 
Acute myeloblastic 


Probably 2-3 years 


Less than 1 year 





Not definitely 
stated, probably 
3-4 years 

Not definitely Subacute myelo- 
stated, 2—3 years 


blastic 
| 


Probably acute 
myeloblastic 

Acute myeloblastic 

Acute lymphoblastic 


Subacute myelo- 
blastic 


ІХ months 


i8 months 

Probably 18-20 
months 

22.5 months | 

40 months 


Acute myeloblastic 
Chronic myelocytic 








* An additional case ef acute myeloblastic leukemia was reported in Clinical Radiology, April, 1960 after this manuscript was com- 


pleted. 


f Radium therapy had been given 6 years prior to I"! treatment. 


t Roentgen therapy with 3,900 r had been given to the neck 3 years prior to I!!! treatment. 


over the neck and 72 per cent excretion in 48 
hours (a 27 per cent deficit). Therefore, it was 
decided to re-treat her and she received a third 
dose of 137.7 mc on October 14, 1955. The 
urine assay at 48 hours revealed the retention 
of 25 per cent of -he administered dose. Subse- 
quent [?! tracer studies did not reveal any ap- 
preciable deficit. In the most recent study, a 3 
per cent uptake was found over the anterior 
neck and 89 per cent of the dose was excreted 
in 48 hours. Therefore, no significant deficit 
was found. The total dose of I?' administered 
to this patient was 346.7 mc. 

The patient's clinical course remained satis- 
factory and the suspicious mass in the neck was 
considerably deceased in size. During the 
follow-up examination in September, 1957, the 
white blood cell count was disclosed to be 
60,000 as an mceidental finding. Differential 
counts revealed mvelocytes 3 per cent, juvenile 
polymorphonuclezrs 21 per cent, segmented 
polymorphonuclezrs 52 per cent, lymphocytes 
17 per cent, monocytes 3 per cent, eosinophils 


I per cent, basophils 3 per cent. On a later fol- 
low-up, the white blood cell count was 33,000 
with similar differential counts. On October 31, 
1958, the white blood cell count was 144,250; 
differential counts were neutrophils 22 per cent, 
juvenile polymorphonuclears 24 per cent, 
stabs 33 per cent, myelocytes 8 per cent, pro- 
myelocytes § per cent. The hemoglobin was 
10.8, hematocrit 37 per cent. The red blood cell 
count was 3,360,000, bleeding time 1 minute 20 
seconds, clotting time 12 minutes 50 seconds. 
Sedimentation rate was 28 per hour; platelet 
count was 325,000. 

During the period from 1957 to January, 
1959, follow-up chest roentgenograms showed 
a right anterior mediastinal mass which pro- 
gressively increased in size, possibly due to 
lymph node enlargement. In January, 1959, 
the white blood cell count was 174,000. The 
patient was pale and weak; the liver and spleen 
were moderately enlarged. А bone marrow 
study was attempted but no material could be 
obtained since the patient was uncooperative. 
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DISCUSSION 


In this patient it cannot be determined 
whether the development of leukemia was 
related to the administration of I! or 
whether it arose spontaneously as ¿n inde- 
pendent disease. However, there is little 
doubt that leukemia has appeared more 
frequently in patients treated with onizing 
radiation, such as I?', than woulc be ex- 
pected to occur bv chance, particularly 
when relatively high doses of I! have been 
used. The individual risk involved in diag- 
nostic examinations should also be borne in 
mind. Some patients who undergo roentgen 
examinations may well receive significant 
exposures during their follow- -up periods. 
Аз а matter of fact, some patients have 
many roentgenographic and severa. fluoro- 
scopic examinations performed durmg their 
routine check-ups. Since the effects əf ioniz- 
ing radiations are cumulative, anv exposure 
during the life span of the individual should 
be recorded. Because of this, we have at- 
tempted to estimate the cumulatrve dose 
that this patient received from different 
sources of ionizing radiation during her life. 


CUMULATIVE DOSE 


The blood radiation dose from the 1%! 
administration was calculated according to 
the data of Seidlin e 47. and it was found 
to be 197.0 rads. Thereafter, an irvestiga- 
tion was carried out to determine the diag- 
nostic exposure doses. During the tollow-up 
period at this Institute (from November, 
1953 to January 15, 1957), the pat ent had 
had a variety of diagnostic roentgen exam- 
inations: four chest roentgenograms (both 
posteroanterior and lateral), one zallblad- 
der series, two skull examinaticns, one 
roentgenogram of the soft tissues of the 


neck, and at least one fluoroscopic studv of 


the chest and two bone survevs. 

Prior to her admission on November 2, 
1953, roentgen or other radiation exposures 
are unknown. The total diagnostic exposure 
was estimated as not less than approxi- 
matelv 7,000 mr to the bone, and not less 
than 2—3,000 mr to the bone marrow. The 


amount of radiation received in the mar- 
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row from the natural background by a man 
of thirty-five years is approximately $ r 
(Court-Brown and Doll*). We might as- 
sume IO r for our patient, since she is over 
seventv vears old, and this would include 
unknown exposures. The total estimation 
then might be as follows: 197.0 rads—the 
mean marrow dose from I?! therapy (blood 
dose and marrow dose are supposed to be 
equal"); 2-3 rads—the approximate mean 
marrow dose from diagnostic exposure; and 
10 rads-—from the natural background and 
unknown exposures. Therefore, the total 
estimated marrow dose would be 210 rads. 
In reviewing this radiation dose, one can 
easily see that the highest portion of the 
mean marrow dose was received from the 
I! therapy; only less than 2 per cent was 
contributed bv the diagnostic exposures. 


RADIATION DOSE— LEUKEMIA 
RESPONSE RELATIONSHIP 

The latent period for leukemia seems to 
be about three to five years following radia- 
tion exposure; a latent period of less than 
one year would not be expected. The spon- 
taneous incidence of leukemia has been 
found to be r in 20,000 persons per year in 
the general population, whereas 1t appears 
to be 1 in 13,000 per vear for patients who 
have had hyperthyroidism treated with 
I?'.5 For the average individual in a popu- 
lation, the probability of developing radia- 
tion induced leukemia is estimated to be 
2 X 10~* per rad/yr.? 

There is no definite relationship between 
the high doses of Г?! and incidence of leu- 
kemia since leukemias have been reported 
following the treatment of hvperthyroidism 
with a small amount of I?!, Of course, in 
those cases, other intercurrent depressive 
factors affecting the bone marrow must be 
considered, such as the toxic effect from 
generalized metastatic cancer, cytotoxic 
drugs, chronic infections, genetic factors, 
etc. 

Court-Brown and Doll* have shown that 
there is a relation between radiation expo- 
sure and leukemia in patients who re- 
ceived external irradiation. of the whole 
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spinal column and pelvis for ankylosing 
spondylitis. It has been postulated that this 
rezion contains half of the active red mar- 
row. The incidence of leukemia increases 
from 0.5 in 10,000 persons per year in the 
absence of treatment to 72 in 10,000 per 
vear follewing a dose of 2,250 r or more. 

If the true dose-response relationship 
were curvilinear, it could be held that a 
threshold dose exists below which no in- 
crease in the incidence of the disease would 
occur.* On the basis of such a hypothesis, it 
might be theorized that small doses of 
radiation, such as are employed in diagnos- 
tic radiology or in the treatment of hyper- 
thyroidism with I?!', would never induce 
leukemia.* However, it is more reasonable 
to adopt the working hypothesis suggested 
by Court-Brown that there is no threshold 
dose for the induction of leukemia. In this 
case, the nature of the relationship between 
the dose of radiation and the induction of 
leukemia тау be analogous to that postu- 
lated for the induction of gene mutations 
by radiations.! The dose to the marrow 
which would double the expected incidence 
of leukemia is 30-50 r, six to ten times the 
dose received from background radiation. 
[t is even possible that background radia- 
tion is responsible for a percentage of ge- 
netic mutations, and that the induction of 
leukemia by radiation is the result of an 
induced mutation in a somatic cell. 

Leukemia can occur as a result of irradia- 
tion with either protracted small doses or 
with single or repeated large doses. Even 
diagnostic examinations are not without 
danger; а comolete check-up may well be a 
hazardous procedure. 

The prevalence of acute and chronic 
myelogenous "ukemia has been noted in 
both irradiated Western as well as Japanese 
populations. The infrequency of chronic 
lymphatic leukemia suggests that this form 
of the disease may not be induced bv 1оп17- 
ing radiation Moloney’). It has been es- 
timated that perhaps 15 per cent of all 
leukemia deztas in the general population 
could be the result of roentgen irradiation.’ 
Other etiologic factors such as infections 
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and metabolic, toxic, immunologic, and 
genetic factors account for the remainder. 

In the case presented above, leukemia 
was diagnosed 40 months after the admin- 
istration of the first course of I?! therapy. 
In treating metastatic thyroid cancer with 
[?' in carefullv selected cases, we do not 
have to worrv about the probability. of 
induced leukemia since the life expectancv 
of these patients is not long enough for it 
to develop. 

According to Dameshek and Gunz, “It 
seems evident that no single etiologic factor 
is likely to be able to account for a high 
proportion of cases of leukemia in the same 
wav as sobacco smoking for those of car- 
cinoma of the lung.” 


SUMMARY 


г. А case of chronic myelogenous leuke- 
mia has been observed following I?! ther- 
ару. There has been no previous report of 
such a case, although acute and subacute 
leukemia have been reported to follow I? 
therapy. 

2. The literature has been reviewed and 
some tentative relationships have been con- 
sidered between ionizing radiations (par- 
ticularly from I?! therapy) and the inci- 
dence of leukemia. 

3. No definite statement can be made 
since other etiologic factors cannot be def- 
initelv ruled out and the number of re- 
ported causes is too small to draw any con- 
clusion. 

4. Nevertheless, large doses of 1" appear 
to be hazardous and may be leukemogenic. 


Ahsen Ozarda, M.D. 
Department of Radiation Therapy 
Johns Hopkins University Hospital 
Baltimore, Maryland 
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AN ANALYSIS OF ISODOSE PATTERNS OBTAINED 
WITH 180 DEGREE ROTATION OF A 
TELECOBALT UNIT* 


60 CM. SOURCE TO CENTER OF ROTATION DISTANCE 


Ву R. L. WITCOFSKI, M.S.,1 


and 1. MESCHAN, М.р: 


WINSTON-SALEM, NORTH CAROLINA 


N THE dosage determinations associated 

with cobalt 60 teletherapy rotational 
techniques, it s essential to determine the 
complete isodose distribution around the tu- 
mor, since the dose to vital organs rather 
than the skin colerance is the limiting fac- 
tor in the treatment of deep-seated lesions. 

Although there is a fair amount of litera- 
ture’? concerning the rotation of teleco- 
balt units, there is a lack of investigation of 
the following points: (1) rotational patterns 
for a 60 cm. source to center of rotation 
distance (S.C.D.); (2) arc or sector rota- 
tional therapy; (3) a comparison of such 
rotational patterns in phantoms of different 
sizes and of d:fferent specific constitution; 
(4) the effects on rotational 1sodose pat- 
terns of different field sizes—specifically, 
the effect of the length and width of the 
feld; and (4) the relative accuracy of phys- 
ically determined rotation patterns as 
against mathematically calculated patterns 
of a similar type. 

Each of these problems has been inves- 
tigated and is inalyzed below. 


DESCRIPTION OF EQUIPMENT 


The telecobalt unit is a Keleket-Barnes 
Rotaray which initially was loaded with 
1,450 curies of cobalt бо. The source con- 
sists of a series of 12 stacked cobalt waters 
2 cm. in diameter. The collimator was of an 
adjustable type designed by the Oak Ridge 
Institute of Nuclear Studies, Medical Di- 
vision. The component parts of the collima- 
tor move in the arc of a circle so that the 
edges are always aligned with the geometric 
edges of the beam to reduce penumbra. The 
distance of the source to the outer edge of 


the collimator was 32.5 cm. The unit ro- 
tates at a distance of 60 cm. from source to 
center of rotation (S.C.D.). 

The three phantoms consisted of unit 
densitv pressdwood so designed as to con- 
tain a Victoreen-type ionization chamber. 
The phantom simulating the chest was dif- 
ferent from the solid phantoms in tha: 
balsa wood (0.13 gm./cm.?) replaced the 
pressdwood in the approximate relation- 
ship of lung tissue (Fig. 1). The dimensions 
of the "chest phantom" (20.4X 30.4 cm.) 
were made in accordance with cross-sec- 
tional anatomic studies of the human 
bodv.? The unit density phantom sizes were 
chosen after a survey of the cross-sectional 
contours of 87 patients chosen at random 
in the Radiation Therapy Division. The 
phantom sizes were: 18.5 cm.X27.0 cm. 
and 22.4 cm. X 35.0 cm. 


EXPERIMENTAL METHOD 


The radiation measurements were made 
with a  Victoreen ionization chamber 
equippec with an equilibrium cap designed 
for cobalt 60 radiation. Three readings were 
obtained and averaged at each dosage point 
with a minimum of go points for each phan- 
tom field size combination. Dose points 
were obtained for only one-half of the 
phantom because of symmetry. 

The arc of rotation was always across the 
anterior 180° of the phantom. In each in- 
stance, the source was initially situated О 
cm. from the anterior surface of the phan- 
tom. Thus, the center of rotation was 10 
cm. below the anterior surface. The field 
sizes shown are those obtained with the 
light localizer on the anterior surface of the 


* This work was supported in part by the Forsyth County Cancer Service. 
+ Physicist, Department of Radiology, Bowman Gray School of Medicine, Wiaston-Salem, North Carolina. 
t Professor and Di-ector, Department of Radiology, Bowman Gray School of Medicine, Winston-Salem, North Carolina. 
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Fic. т. Photograph of the “chest phantom" 


phantom in this initial position. 

The calculated isodose patteris were 
determined by superimposing the appro- 
priate stationary field isodose curves for a 
given field size at 15 degree intervals across 
the anterior half of the phantom. Calcula- 
tions were made in relation to a 20 cm. 
diameter cylindrical phantom. 


DESCRIPTION OF PHYSICALLY DETE 3MINED 
ISODOSE PATTERNS 


GENERAL COMMENT 


It is noteworthy that, regardless of field 
size, the 100 per cent zone for the isodose 
patterns was anterior to the center of rota- 
tion. There is usually a tendency for the 
50-7O per cent isodose patterns to bulge 


laterally (Fig. 2, 4-L). 


THE EFFECT OF FIELD SIZE ON THE 
ROTATIONAL PATTERNS 


As had been anticipated,’ the rc rota- 
tion produced an anterior migraticn of the 
point of maximum dosage (towird the 
mean position of the source). Further, the 
amount of anterior migration depended 
upon the width of the field in the c irection 
of rotation. The greater the field width, the 
more anterior the point of maximum dosage 
(Fig. 3, .7 and B). For example, the point of 
maximum dosage migrated from 1.7 cm. 
anterior to the center of rotation tc 4.5 cm. 


(left) and the unit density phantom (right). 


in the small unit density phantom (18.5 X 
27.0 cm.) with an increase in field size from 
6.1 X61 £m. to 9.7X9.7 em. (Pig. 35). 
Figure 3B also demonstrates that the larger 
feld produces both a larger integral dose 
and a higher skin dose for the same tumor 
dose. 

The length of the field (perpendicular to 
the direction of rotation) does not appreci- 
ably affect the isodose curves obtained. 
Thus, when the field size was increased 
from 7.8 cm. X 7.8 cm. to 7.8 cm. X 15.8 cm. 
in length, no appreciable difference in 1so- 
dose patterns was obtained (Fig. 34). 


COMPARISON OF THE THREE DISSIMILAR PHANTOMS 
STUDIED IN RELATION TO THE POSITION OF 
THE MAXIMUM DOSE 


In the 3 dissimilar phantoms studied, the 
position of the point of maximum dosage 
was the same (within experimental error) 


when the same field size was used (Fig. 4, 
A and B). This was true for all field sizes. 


COMPARISON OF THE ISODOSE PATTERNS OBTAINED 
WITH THE UNIT DENSITY PHANTOMS 
VERSUS CHEST PHANTOMS 


With the two unit density phantoms, the 
percentage dosage for identical field sizes 
along the anteroposterior axis was almost 
identical (Fig. 4, Z and В). The greatest 

variation was with the 6.1 cm.X6.1 cm. 
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Cobalt - 60 

61x 6.1 cm field 

18.5 x 27.0 cm Phantom 

60 cm Source to Rotation Center 
One - 180° Rotation 

















Cobalt - 60 

78 х 158 ст field 

185x270 cm Phantom 

60 cm Source to Rotation Center 
CM One -180° Rotation 
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density phantom (18.5 27.0 cm.): 7 
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8x 7.8 cm. field. (C) Small unit density phantom (18.5 X27 
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‚ Physically cetermined isodose patterns (field size by light localizer); бо cm. source to rotation center; 
one, 180° rotation. (4) Small unit density phantom (18.5 27.0 ст.): 6.16.1 cm. field. (В) Small unit 


7.0 cm.): 


815.8 ап. fied. (D) Small unit density phantom (18.5 27.0 cm.): 9.7X 9.7 em. field. 


( Please turn page for Fig. 2, E-L) 


field where the difference was approxi- 
mately то per cent. With the chest phan- 
tom, the values were within 10 per cent of 
the dosage values of the other two phan- 
toms anterior to the point of rotation; but 
posterior to the center of rotation, the 
values varied as much as 25 per cent. This 
would most likely be related to the lesser 
attenuation of the cobalt бо beam bv the 
balsa wood. 

This again points out that the applica- 
tion of isodose curves obtained with unit 
densitv phantom materials to problems in- 
volving the chest may produce dosage 


errors which are well above acceptable 
limits. 

It is important to note (Fig. 5) in the 
comparison of the chest phantom with the 
unit density phantoms, that the area (ac- 
tually volume of tissue) covered by the go 
per cent zone is very considerably greater 
with the chest phantom and posteriorly 
extends well bevond the 80 per cent zone 
for the unit density phantom. The differ- 
ence in the shape of the 1sodose pattern 
laterally is also noteworthy. There is a 
lesser tendency for the 1sodose patterns to 
bulge laterally in the chest phantom. 














R. L. Witcofski and I. Meschan 








Mav, 1961 

















Coba!t-6C 
6!x6ic he'd 
CM 22 4 з 550 cm Phantom 
60 cm 5сшсе to Rotation Center CM 
One- IBO Rotation L enter 
L 
5 5L 
| 
| 
10 Ей 10 — 
| $ 
15} s 15 — 
L 
20 "p 
E _ — = [ F N = 
Ccbait- € горо! - 60 
Е 78 x 15 еа Эга ег ст field 
1M 224 8 32 om Phantom сч 224 2350 cm Phartom | 
| Б? 60 cm Saarte to Rotation Center f 60 ст Source tc Rotanon Center 
f E One -i8 Rotator 82 ne-I13C* Rotetion 
L , 90 N 
Sr = з. Ae 
L А ( 90 — 1 
fz | N 
Г E | Bc / 
ley bs ~ чч == A Й 
\ N 3 / 
N / 
= \ / 



































[Г G ——— |. H е на _ » 
Cobolt - 60 ; Cobolt- 60 
61x 61 cm field 78 x 78 cm field 
204 х 305 cm Prantom (Chest) 2C 4 x 305 cm Phontom (Chest) 
60 cm босо to onn Center бй Buccos e Hoteles Conter 
Er One -180 otahon CM One - 180° Rotation 
\ [ f 
| 
| 5 |= 
F | 
10 — } 
\ Е / 
\ [^ | 
\ 
\ T Í 
\ / 
\ 15 — | 
— / 
pA 
Y 
i === 20 — J ^ 
Cobalt - 60 Собо!!! - 60 
78x158 cm fiels £7 x97 ст held 
20.4 x 30.5 cm Faontom (Chest) 20 4 x 305 cm Phantom (Chest) 
60 cm Source to Rotatron Center EO cm Source to Rotation Center 
One -180° Rototio "M Спе – 180° Rotation 


r 





Г 


60- 























Vor. 85, No. с 


Isodose Patterns Obtained with a Telecobalt Unit 923 


Fic. 2. (E) Large unit density phantom (22.4 35.0 cm.): 6.16.1 cm. field. (F) Large unit density phan- 
tom (22.4X 35.0 zm.): 7.87.8 cm. field. (G) Large unit density phantom (22.4 Х 35.0 cm.): 7.8 15.8 cm. 
field. (Н) Large unit density phantom (22.4 X 35.0 cm.): 9.7X 9.7 cm. field. 
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COMPARISON ОЕ ISODOSE PATTERNS OBTAINED WITH 
THE SMALL VERSUS LARGE UNIT DENSITY FHANTOMS 

In this comparison, the point dose was 
evaluated along several lines radiating from 
the rotation ceater and extending out to 
the edge of the phantom. Curves were 
plotted compar ng the dose rate along the 
same radius in the large and small unit 
density phantoms. In most instances the 
variations were in the range of 2 to § per 
cent for point doses along these lines. In 
some cases, variations as high as 10 per 
cent occurred, but these were not the gen- 
eral rule. 

Since the isodose patterns for the same 
held sizes were quite similar for the two 
unit density phantoms (18.5 27.0 cm. and 
22.43 35.0 cm.), 1t would seem logical that 
the general application of these curves to 
patient contours with similar dimensions 
(and dimensiors between the two phan- 
toms studied) would result in accurate 
dosage determinations to the tumor as well 
as to other critical organs. 
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Fic. 3. Anterior nrgration of the тсо per cent zone 
with increase in width of field size. (47) Percentage 
of maximum dose versus the distance anterior and 
posterior to the center of rotation for the 4 fields 
with the 18.5 х 27.0 cm. phantom. (B) Split image 
of isodose patterns: 9.79.7 cm. field versus 
6.1 X6.1 cm. field. 
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Fic. 2. (7) Chest phantom (20.4X 30.5 cm.):6.1X6.1 cm. field. (7) Chest phantom (20.4X 30.5 єт.): 7.87.8 
cm. field. (К) Chest phantom (20.4X 30.5 cm.): 7.8X 15.8 cm. field. (L) Chest phantom (20.4X 30.5 cm.): 
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Fic. 4.(4) The distance anterior to the center of ro- 
tation of the point of maximum dosage in relation 
to the lateral field dimension for all taree phan- 
toms. (3) The width of the field versas the dis- 
tance anterior to the center of rotatior for the 3 
different phantoms. 


A COMPARISON OF THE CALCULATED ISODOSE 
PATTERNS WITH THE PHYSICALLY 
DETERMINED VALUES 

This comparison is limited by the fact 
that the calculated values are of necessity 
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Fic. 5. Split image of isodose patterns obtained with 
the smaller unit density phantom as compared 
with the chest phantom (field size: 6.1 6.1 cm). 


based upon a 20 cm. diameter cylindrical 
phantom. 

A study of the point dose distribution 
between the small unit density phantom 
and the calculated phantom shows fair 
agreement. However, variations up to 25 
per cent were not uncommon. Since this 
variation is well above the generally ac- 
cepted limits for therapeutic accuracv, this 
would seem to indicate that experimen- 
tallv produced 1sodose patterns (such as the 
ones developed here) are of great impor- 
tance in effective deep lesion treatment 
with rotation. 


COMPARISON OF THE VISUAL FIELD SIZE AND 
ACTUAL RADIATION FIELD SIZE 

It has been shown? that there is a dis- 
crepancy between the visual field size and 
the actual radiation field size with the 
Keleket-Rotaray light localizer. 

In our evaluation of this problem for the 
held sizes employed, we utilized a scintilla- 
tion probe with a cylindrical anthracene 
crystal о. cm. in diameter and 0.5 cm. in 
height, which afforded a small measuring 
volume. 

It is noted that this correction becomes 
of considerable practical importance with 
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lic. 6. Comparison of visual field size and 
actual radiation field size. 


field sizes smaller than 9.7 X9.7 cm. There- 
fore, it is important to know this relation- 
ship for each installation, if the above 180- 
dose curves ате to be utilized correctly 
(Fig. 6). 


SUMMARY 


1. Isodose patterns are presented for a 
telecobalt unit which rotates at a 60 cm. 
source to tumor center distance, utilizing 
a 190" am. 

2. The greater the field width (in the 
direction of rotation), the more anterior 
the point of maximum dosage. The length 
of the field did not appreciably atfect the 
isodose patterns. 

3. The posit on of the point of maximum 
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dosage was independent of the size and tv pe 
of phantom for the same field sizes. How- 
ever, posterior to the center of rotation, 
the dosage was considerably greater with 
the “chest” phantom. 

4. In general, for identical field sizes, the 
curves were similar for both the large and 
small unit density phantoms. 

5. Calculated isodose curves based upon 
a cylindrical phantom introduce consider- 
able error when one relates these to phan- 
toms that more closely simulate body cross 
sections. 

6. A knowledge of the relationship of the 
visual field size (obtained from light local- 
izer) and true radiation field size is impera- 
tive for application of the above described 
curves. 


Richard L. Witcofski 

Bowman Gray School of Medicine 
of Wake Forest College 

Winston-Salem 7, North Carolina 
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WEDGE FILTERS: THEIR CONSTRUCTION AND USE 
WITH THE 22 MEVP. BETATRON* 


By EARL VAN ROOSENBEEK and JOHN Н. GRIMM, M.D.1 


HOUSTON, TEXAS 


EDGE filters have had a long and 

useful place in orthovoltage roentgen 
therapy.'-* In the 140 to 280 kvp. range, 
the radiation distribution in a water phan- 
tom, resulting from the interposit on of a 
wedge filter, is usually determined experi- 
mentally because of the difficulty in allow- 
ing for scattered radiation by calculation. 
At I mevp. or 22 mevp., the scatter con- 
tribution is greatly reduced, and 17 is pos- 
sible to calculate the asymmetric isodose 
curve resulting from a wedge in the beam. 

In the calculation, it is necessary to know 
the isodose curve for the open field and the 
narrow beam absorption curve of the wedge 
material for the particular radiation qual- 
ity. The ratio of the dose of the desired 
sloping curve to the open field curve is es- 
timated in increments, and the appropriate 
thicknesses of wedge material are deter- 
mined from the absorption curve. 

Materials that have been used for wedges 
are lead,’ lead glass, and plate glass. The 
lead filter is easily fashioned and is thin; 
the glass filter is thicker but it is transpar- 
ent to the light of a beam localizer. 

At 22 mevp. the wedged fields have re- 
sulted in a decided clinical advantage in 
treatment of carcinoma of the bladder. As 
will be shown, two wedged fields produce a 
large uniform volume of radiation when 
they are directed at approximatel® 9o? to 
each other. 


WEDGE CONSTRUCTION 
METHODS OF CALCULATION 
I. The isodose curve of the open field for 
which the wedge filter is desired is laid out 
on a sheet of paper approximate у three 
times the length of the isodose curve. 
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lic. т. Diagram illustrating the method of 
calculation for a wedged field. 


2. А line of the desired slope is drawn 
from a point on the edge of the zo per cent 
curve which is still in the full beam (Fig. 1). 

3. À point representing the target is 
placed at the appropriate target-skin dis- 
tance (TSD). If a teletherapv source is 


* From the Departments of Physics and of Radiclogy, The University of Texas M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas. This work was supported in part bv a grant from the National Cancer Institute, CS-g270. 
T Present address: Department of Radiology, Hemmann Hospital, Houston, Texas. 
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employed, the center of the source is used 
as the target. 

4. Aline perpendicular to the central ray 
is drawn at the point at which the wedge 
will be placed. This is generally at the end 
of the collimating cone or treatment cone 
(Fig. 1). 

5. Convenient increments (0.5 cm.) are 
marked and numbered along this line (Fig. 
г. 

6. Lines are made to pass through these 
increments from the target or the source 
to the sloping line. 

7. А given increment line will pass 
through the slope at some point ot higher 
intensity than the О per cent 1sodose curve. 
The intensity at this point is read from the 
curve and noted. The amount of lead neces- 
sarv to reduce the transmission of the open- 
field beam to the intensity just noted can 
now be derived Ьу reference to the absorp- 
tion curve. As an example, ray No. 1 passes 
through the slope line at the §2.5 per cent 


level (Fig. 1): 


£o per cent (desired intensity) 


52.5 per cent (open field intensity) 
— 95.3 per cent (desired transmission). 


The required thickness in lead can be read 
on the lead absorption curve (Fig. 2). Read- 
ing across from 95.3 per cent transmission, 
the value of 0.*8 mm. of lead is obtained. 
The wedge on гау No. 1 is then to be 0.88 
mm. thick. The process is repeated for other 
radiation ravs. 


LEAD WEDGES 


Construction of the wedges can be done 
with thin lead sheets cut and stacked to a 
desired thickness for each increment, or 
they can be made from one piece of lead cut 
to the desired thickness, either as steps or 
in а smooth slope. 


GLASS WEDGES 
The density of available lead glass may 
be as much as one-half the density of lead. 
Wedges can be made from lead glass which 
will be about twice the thickness of the lead 
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Fic. 2. Narrow beam absorption curve 
in lead at 22 mevp. 


but will transmit the light of a field-defining 
localizer. Clear glass can also be used; how- 
ever, ordinarv glass will turn brown after 
long usage. Pittsburgh Plate Glass Com- 
pany has a nonbrowning clear glass avail- 
able which can be used to prevent radiation 
discoloration. 


WEDGES OF OTHER MATERIALS 


Wedges can be constructed of any mate- 
rial for which a narrow beam absorption 
curve is available. In instances where 
wedges are used in close proximity to the 
patient, materials of medium atomic num- 
ber mav be desirable at supervoltage ener- 
gies to reduce electron contribution in the 
Беат. 


DOSIMETRY 


The resultant distribution at other levels 
can be calculated, once that for the wedge 
is derived, bv reversing the procedure used 
in step 7 under "Method of Calculation." 
For example, to find the position of the new 
70 per cent curve on increment line No. 6 
(Fig. 1): 


Desired intensity level (70 per cent) 





Percentage transmission for No. 6 (83 per cent) 





— 04.4 per cent. 


An isodose plot of the wedged beam com- 
pared to the calculated curve is shown in 
Figure 3. Àn experimental measurement of 
the same beam at 45^ incidence to a water 
phantom compared to the calculated re- 
sults incorporating inverse square correc- 
tion is shown in Figure 4. 
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portals with wedge filters are used, thus 
making it possible for the patient to receive 
the entire treatment in the supine position 
(Fig. 5). The single position results in a 
more stable geometrv of the internal or- 
gans. The two portals are angulated at 55° 
from the vertical. The choice of angle was 
based on an average abdominal wall con- 
tour from which most contours deviate only 
a few per cent. The field sizes range from 
8X8 cm. at 80 cm. target-skin distance to 
9X9 cm. or 10X10 cm. when 100 cm. tar- 
get-skin distance is used. The wedge is a full 
45^ wedge with the tapered ends directed 


laterally (Fig. 6). 





8X8 CM 80CM TSD 22 MEVF 
OPEN FIELD 


oooo CALCULATED 45? WEDGE 
CURVE 
---- EXPERIMENTAL WATER 


PHANTOM PLOT 


Fic. 3. Comparison of calculated and measured 
wedged field (45° at о per cent dept} dose). 








Phantom Surface 
CLINICAL APPLICATION 
===== Calculated Curve 


In the latter part of 1958, leed filters e atur Piman 





were constructed for use with the 22 mevp. isodose Plot 
betatron for bladder therapy. Previously, 

intermediate stage carcinoma of -he blad- \Y о 

der was treated with a three-feld “Y?” P 45? INCIDENCE 

technique consisting of a single anterior | e? MEVP 


port and two medially angulated gluteal 


| [ лс. 4. Comparison of calculated and measured 
ports. At the present time, two anterior 


wedged field at 45° incidence to the phantom. 
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With the patient supine, it 1s necessary 
to recognize but one anatomic variant, 2.е., 
the depth of the urinary bladder beneath 
the anterior abdominal wall. Adjustment 
for this is made by varving the field size and 
the separation of the fields. Localization 
roentgenograms are taken with the beta- 
tron using the same field size, target-skin 
distance, and angulation as intended for 
treatment. For roentgenologic contrast, air 
Is introduced into the bladder.’ А table 
based upon isodose curves of various sizes 
has been constructed which permits the 
rapid calculation of the daily dose if the 
bladder dimensions and location are known 
(Table 1). 

One patient with carcinoma of the tra- 
chea and a female patient with inoperable 
carcinoma of the urethra have also been 
treated utilizing betatron wedge filters. 


ADVANTAGES 


The wedge technique has the following 
advantages: 

1. There is excellent correspondence be- 
tween the shape of the 1sodose distribution 
and the anatomic shape and position of the 
bladder and its immediate lateral areas. 
The whole urinary bladder is treated. 

2. Dosage falls off rapidly outside the 
tissue volume being treated. 





1с. 5. Patent shown in treatment position. Light 
is reflected on the skin from the open portion of 
the wedged beam. 
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// BETATRON 


5 CM CENTRAL AXIS TO MIDLINE 
DISTANCE 

TSD -80 CM 

FIELD SIZE - 8 X 8 CM 

45° WEDGE, HEAVY SIDE TOWART 
MIDLINE 


MACHINE ANGULATED 35° OFF 
HORIZONTAL 


% OF MAXIMUM DOSE OF FIELD 
WITHOUT WEDGE 


“1с. 6. Isodose distribution obtained using two 
wedged fields directed at 110° angle to each other. 


3. Treatment planning has been simpli- 
hed. 

4. Positioning for treatment is simple, 
rapid, accurate, and easily reproducible. 


SUMMARY 


The physical aspects and construction 
details of wedge filters by a calculative 
method have been presented for 22 mevp. 
roentgen rays. The calculative method pro- 
duces isodose curves of wedged fields that 
are in good agreement with measured 1so- 
dose curves. Their clinical application and 
volume distributions in 22 mevp. therapy 
are given. 


Earl Van Roosenbeek 
Physics Department 
University of Texas 
M. D. Anderson Hospital and Tumor Institute 
6723 Bertner Drive 
Houston 25, Texas 


We would like to express our appreciation to 
Dr. Jasper E. Richardson, who derived the 
method for calculation of the lead wedges for 
use with the cobalt 60 unit.? 
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EVALUATION OF THORAEUS FILTERS* 


By Е. DALE TROUT, B.S., D.Sc., JOHN P. KELLEY, B.S., and ARTHUR C. LUCAS, B.S. 


MILWAUKEE, WISCONSIN 


A THE Second International Congress 
of Radiolegv held in Stockholm in 
1928, Professor Robert Thoraeus of the 
Physical Laboritorv of the Radiumhem- 
met presented 1 communication in which 
he described a new filter for use with deep 
therapy roentgen-ray equipment. This fil- 
ter had, as its main component, “а metallic 
tin plate" and the efficiency of the new 
filter was said ю be better than that of a 
copper filter resulting in the same half- 
value laver. 

Thoraeus’ омела! communication was 
followed bv two publications 1n deta radi- 
ologica. The first" dealt in detail with the 
subject of filters. Particular emphasis was 
given to rhe reason for and design of the 
composite tin, copper, and aluminum filter. 
The second pceper" considered both the 
quantitative and qualitative equivalence of 
copper and ““Thoraeus”’ filters. 

[n the first paper Thoraeus described in 
detail the instru mentation used in his work 
since it was reported with the newly defined 
roentgen as the unit of measurement. The 
roentgen-rav equipment was operated at 
voltages up to 180 kv. constant potential. 
At the voltages and tube currents used, the 
maximum prac-ical filtration was 2.0 mm. 
Cu plus 1.0 mm. Al. Thoraeus, therefore, 
designated the "normal" tin composite 
filter as the one qualitatively equivalent to 
a 2.0 mm. Cu alter; 7.e., it resulted in the 
same halt-value laver as 2.0 mm. Cu. The 
"normal" Thoraeus filter consisted of 0.44 
mm. Sn, 0.25 mm. Cu, and 1.0 mm. Al. 

Following publication of  Thoraeus' 
papers, several other investigators reported 
on the use of T'aoraeus filters up to 400 kv. 
peak. One of the most complete studies was 
by Mavneord and Roberts.’ In the voltage 
range used Ьу Thoraeus and these investi- 
gators, with the "normal" Thoraeus filter, 


the increase in exposure dose rate over that 
obtained with copper filtration required to 
vield the same halt-value laver was re- 
ported to be 25 to 30 per cent. 

As a result of these investigations, the 
Thoraeus filter has been generally accepted 
for use with deep therapy apparatus. In the 
vears since Thoraeus’ papers appeared, 
filters have been employed having tin 
thicknesses other than that specified bv 
Thoraeus for his "normal" filter. These 
have been designated in many ways, most 
of which did little to identify the character- 
istics of the filter. In our laboratory we 
have designated composite filters composed 
of tin, copper, and aluminum bv using the 
word ""Thoraeus" followed bv a roman 
numeral for the copper filter providing the 
same half-value laver as the Thoraeus 
filter. Thus, a Thoraeus 11 filter was one 
providing a half-value layer equivalent to 
that to be had from a 3 mm. Cu filter. 

[n 1950, in our laboratory, we investi- 
gated numerous materials for possible use 
as filters m the 100 to 250 kv. peak range. 
This study was reported at the Sixth Inter- 
national Congress of Radiology and in- 
cluded an investigation of Thoraeus filters 
of tin, copper, and aluminum. In compar- 
ing the exposure dose rates using Thoraeus 
filters to those using copper filters required 
for the same half-value laver, the differ- 
ences in exposure dose rates were found to 
be somewhat lower than those reported bv 
other authors. Similar geometry was used 
for all our measurements, but our geometry 
may not have been the same as that used by 
others. 

During the past few years we have been 
engaged in studying the variables involved 
in the determination of the half-value laver 
and have reported the results of our work 
for aluminum filtration from 100 to 130 kv. 


* Presented at the S xty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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peak and copper filtration from 140 to 300 
kv. peak. That paper covers the investiga- 
tions into the geometric variables involved 
in determination of the half-value laver and 
proposes three possible ways of recucing to 
a minimum the effects of geometry on the 
resulting determination. By removing the 
geometric effects, half-value laver measure- 
ments can, we feel be reduced to a common 
denominator which makes possib e better 
comparative studies. With this in mind, we 

thought it worthwhile to explore again the 
relation between Thoraeus and copper 
filters. 


TEST EQUIPMENT, MATERIALS 


AND FACTORS 


The roentgen-ray source used tor these 
Investigations was a resonant transformer 
operating at a nominal frequency of 1,200 
cycles per second and using a grounded 
anode, beryllium window roentgen- ray 
tube: T he equipment was capable of opera- 
tion from 100 to 300 kv. peak at tube cur- 
rents up to 20 ma. Both tube current and 
kilovoltage were electronically s-abilized 


providing excellent short and long time re- 
producibility of data. In addition, both the 
tube current and kilovoltage signals were 
potentiometers 


monitored by DC having 
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VARIATION OF HALF-VALLE LAYER 
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l'16. т. Variation of half-value laver 
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О.1 per cent accuracy and 0.05 per cent re- 
producibility. Exposure dose rate measure- 
ments were made using a 25 r Victoreen 
thimble chamber connected to a Townsend 
balance system with a о.1 per cent poten- 
tiometer as the readout element and a DC 
amplifier as the null detector. This svstem 
was calibrated against a Victoreen r meter 
and associated chambers which had been 
calibrated at the National Bureau of Stand- 
ards. 

Tin is used as the principal constituent of 
the Thoraeus filter since it is more effective 
than copper in removing low energv radia- 
tion from the unfiltered beam in this energv 

range. Figure 1 shows the variation of the 
half-value laver with photon energv for 
copper and tin for monochromatic radiation 
using data from the National Bureau of 
Standards Circular 283. While the curves 
are nearly parallel at lower energies, the 
halt-value laver in copper does not rise so 
rapidly as that in tin above тоо kev. 

The K absorption edge of tin is such as to 
allow a narrow band of radiation having a 
maximum energy of 30 kev. to be readily 
transmitted through the tin filter. In the 
Thoraeus filter a thin sheet of copper is used 
below the tin to remove this radiation and 
other soft radiations characteristic of the 
tin. Figure 2 shows the effect of adding 
copper below the tin filters. The initial 
steep slope of the attenuation curves is in- 
dicative of the presence of soft radiation not 
removed by the tin. Comparison of the 
curve for 2.0 mm. Sn to that for 0.44 mm. 
Sn shows that, as the tin thickness is in- 
creased at a given kilovoltage, the ratio of 
soft radiation to total transmitted radiation 
is reduced from 12 per cent to 3 per cent. It 
would appear that some gain could be 
achieved by using copper backing filters as 
thick as 0.5 mm.; however, it should be 
noted that the geometry used here is pur- 
posely that which will result in the greatest 
amount of anomalous radiation from the 
tin. For more typical geometry the 0.25 
mm. copper backing filter is probably more 
than sufficient. 

It is to be expected that some character- 
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istic radiation would be produced in the 
copper. It is, however, a very small amount 
and of such low energv as to be generallv 
negligible when copper is used in conjunc- 
tion with a tin filter. 

Filter materials of high atomic number 
produce large numbers of electrons as a re- 
sult of the various absorption processes. 
Under unusual conditions it is possible for 
the dose to the skin due to electrons to be 
as great as that due to the primary beam 
unless steps are taken to eliminate them. 
One does not normally detect electrons in 
making radiation measurements since most 
thimble chambers have walls sufficiently 
thick to prevent them from reaching the air 
cavity. By using a very thin-walled, paral- 
lel-plate chamber, it 15 possible to measure 
the ionization due to both the electrons and 
the primary roentgen rays. Figure 3 shows 
the attenwation of electrons in aluminum 
for a 4 mm. cepper filter at 300 kv. peak 
using a chamber having a 0.8 mg./cm.? 
front wall. It will be noted that only a thin 
sheet (0.1 mm.) of aluminum is necessary 
to reduce the dose due to the electrons to a 
negligible value. 

In a similar manner one may determine 
the amount of cir necessary to absorb the 
electrons. By measuring the ion current 








ATTENUATION IN COPPER OF SOFT 
RADIATION NOT REMOVED BY TIN 
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lic. 2. Attenuation in copper of soft radiation 
net removed by tin. 
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ATTENUATION OF ELECTRONS 
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Fic. 3. Attenuation of electrons in aluminum. 


using the thin-walled chamber with and 
without a 2.21 mm. aluminum filter below a 
copper filter, the percentage ionization due 
to the electrons from the copper filter may 
be determ ned at various distances. Figure 
4 shows such a determination for distances 
of 5 to 25 cm. from a 4 mm. Cu filter ir- 
radiated with 300 kv. peak roentgen rays. 
The indicated range in air is approximately 
that which would be calculated for the 
Compton electrons of highest possible 
energy for 300 kev. radiation. A source of 
information tor the range of electrons in air 
is the National Bureau of Standards Hand- 
book 62!° and information on the energy of 
the Compton recoil electrons may be obtain- 
ed from tke National Bureau of Standards 
Circular £42. From these data it will be 
seen that some aluminum 1s advisable be- 
low the cepper filter unless filter-skin dis- 
tances are great. The 1 mm. aluminum that 
is usually used is thicker than necessary for 
voltages up to 300 kv. peak, but it may be 
justified on the grounds that aluminum less 
than 1 mm. thick is fragile and sometimes 
difficult tc obtain. 
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1с. 4. Attenuation of electrons in air. 


METHOD 


In agreement with past practices, the 
data which follow were taken using 0.25 
mm. Cu and 1 mm. Al added to Sn. Thinner 
sheets of copper and aluminum could have 
been used with a slight gain in efficiency. 

Half-value laver determinaticns were 
made using the extrapolation technique de- 
scribed in our previous paper. Tais tech- 
nique reduces the halt-value layer deter- 
mination to one independent of geometry 
and has been referred to as the "unique" 
half-value layer following the precedent of 
Farr.! A series of 7 mm. thick lead dia- 
phragms, having apertures of 2.5. 5.0, 7.5, 
and 10.0 cm. diameter, was used in conjunc- 
tion with an optical bench to define the 
field at the filter. This system permitted 
convenient mounting and adjustment of 
the diaphragm. Care was taken to restrict 
the radiation field to a beam larger than the 
aperture but smaller than the dicphragm. 

Exposure dose rate measurements for the 
purpose of determining the efficiercy of the 
tin filters relative to the copper filters were 
made using the adjustable diaphragm sup- 
plied with the roentgen-ray equipn ent. The 
adjustable diaphragm was 25 cm. trom the 
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focal spot and was adjusted to give a 
о Хто cm. field at a со cm. focal-skin dis- 
tance, the distance used for all exposure 
dose rate measurements. All filters were 
placed at the normal filter position for this 
equipment, 7.5 cm from the focal spot. 

All absorbers and filters used in these 
studies were carefully weighed and meas- 
ured. Thicknesses were calculated using a 
density of 8.89 for copper and 7.3 for tin. 
The calculated thicknesses were in agree- 
ment with measured thicknesses within less 
than one per cent. 


RESULTS 

With a 25 cm. focal-filter distance and a 
со cm. focal-chamber distance, the unique 
half-value lavers in copper were determined 
tor copper and Thoraeus treatment filters 
at 200, 250, and 300 kv. peak. The half- 
value lavers are shown plotted against 
copper and tin filter thickness in Figures 5 
and 6. 

Using the adjustable diaphragm, a 7.5 
cm. focal-filter distance, 50 cm. focal-cham- 
ber distance, 20 ma. tube current, and a 
то Хто cm. field at the measuring chamber, 
exposure dose rate data were taken at 200, 
250, and 300 kv. peak using copper and 
Thoraeus filters. The results are shown in 
Figures 7 and 8. 

From the zero field or unique halt-value 
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Fic. 5. Unique half-value layer in copper for 
copper treatment filters. 
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Fic. 6. Unique half-value layer in copper for 
Thoraeus treatment filters. 


laver determinations shown in Figures 5 
and 6 and the exposure dose rate measure- 
ments shown in Figures 7 and 8, the expo- 
sure dose rate for equivalent halt-value 
layer was determined for copper and Tho- 
raeus filters at the three kilovoltages used. 
The results, expressed as the ratio of the 
exposure dose rate obtained using the 
Thoraeus filter to that obtained using the 
copper filter, are shown in Figure 9. 

One observes first that at a given kilo- 
voltage the efficiency of the Thoraeus filter 
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Fic. 7. Absorption curves in copper. 


Thoraeus Filters 
in ih IK. 


80—c— Ne | 

300 КУР N ed 
6o K + Ta 

m E 





20 36 40 50 60 70 80 90 


ABSORPTION CURVES IN THORAEUS FILTERS . 
20MA, 50 CM FSD, IOXIO CM. FIELD 


м. 
> 


T ш. 
№ 
40 =— E! + ) > . + . . 4 
1 \ ^ Ki к 
20-ui X ' | | | + 300 KVP —{ 
= \ 
2 K 
2 
> м. 
x 250 KVP 
20- & E Г 
ш ET 
о \200кҰР 
" Ё . - + 
MILLIMETERS OF TIN (40.25 MM CU +10 MM AL) 
To; . 


О ог 04 06 ов 10 12 14 16 18 20 22 24 


Fic. 8. Absorption curves in Thoraeus filters. 


compared to copper increases with halt- 
value laver. For example, at 300 kv. peak, 
half-value laver 3.0 mm. Cu, the Thoraeus 
filter gives an exposure dose rate 13 per 
cent greater than the copper filter, while at 
300 kv. peak, half-value layer 4.0 mm. Cu, 
the exposure dose rate using the Thoraeus 
filter is 55 per cent greater than that ob- 
tained using the copper filter. 

One observes further that at a given 
unique half-value layer obtained at ditter- 
ent kilovoltages, the efficiency of the 
Thoraeus filter is different. For example, 
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Fic. 9. Efficiency of Thoraeus filters. 
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ic. 10. Effect of measuring geometry on measured 
efficiency of Thoraeus filters at 300 kv. peak. 


at half-value laver 3.0 mm. Cu, the 
Thoraeus filter, as compared to copper, 
results in an increase in exposure dose 
rate of 13 per cent at 300 kv. peak and 25 
per cent at 250 kv. peak. 

Figure 10 shows the efficiency of Tho- 
raeus filters with respect to copper filters 
plotted as a function of half-value layer 
measured under finite geometry and not 
corrected to zero field conditions. The 
halt-value layers were measured at 300 
kv. peak using a focal-chamber distance 
of so cm. and a focal-absorber distance of 
25 cm. The aperture at the absorbers was 











5 
X-RAY SPECTRA AT 200 KILOVOLTS (PEAK) 
| SPECTRA BY GREENING METHOD . 
ABSORPTION DATA BY VICTOREEN 
|o = | P Ec - 
= P d \ 
o8 $ 1 Ошла 77 = -N | 
ul +LOMM AL FILTER 
E3 \ 
OG à > - — J +— — — - 7 . 4 
gx ч A 
x // 
ш a? © +— 0.5] MM SN * 0.25 MM CU 
04 > i d... X ^. *,.OMMAL FILTER 4 
= г А | \ 
= «e \ 
/ 
id h \ 
\ 
\ 
\ 
E Kev N 
p b. ИШ) 
96 56 100 50 200 








Fic. 11. Roentgen-ray spectra at 200 kv. peak. 
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Гло. 12. Roentgen-ray spectra at 300 kv. peak. 


5 cm. in diameter. Comparison with the 
data shown in Figure g shows that eff- 
ciencies appear to be lower if the half-value 
laver determinations are not corrected to 
zero field conditions. 

We thought it might be of interest to 
compare the spectra obtained using Tho- 
raeus and copper filters to obtain the same 
halt-value laver. Figure 11 shows spectra 
calculated using Greening's? method for 
200 kv. peak with а 2 mm. copper filter 
and a composite filter consisting of 0.5 
mm. tin, 0.25 mm. copper, and 1 mm. 
aluminum. Figure 12 shows spectra for 
300 kv. peak using a 4 mm. copper filter 
and a composite filter consisting of 1.06 
mm. tin, 0.25 mm. copper, and 1 mm. 
aluminum. Differences in the spectra are 
negligible for filters yielding the same half- 
value layer. 

The fractional increase in half-value 
laver over the unique half-value laver for 
several combinations of voltage and Tho- 
raeus filters 1s shown in Figure 13. This 
increase was defined in our previous pub. 
lication as К, and can be used in correct- 
ing a measured half-value laver to obtain 
the unique half-value laver. 


SUMMARY 


The data presented here show the ad- 
visabil:ty of using Thoraeus filters in the 
kilovoltage range investigated and indi- 
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FRACTIONAL CHANGE IN HALF- VALUE LAYER (Кү) WITH DIAMETER 
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Fic. 13. Fractional change in half-value layer with 
diameter of irradiated copper absorber using 
Thoraeus filters. 


cate an increased advantage at higher 
kilovoltages and filtrations. Thoraeus’ 
data indicate that a composite filter con- 
sisting of 2.44 mm. Sn, 0.25 mm. Cu, and 
го mm. Al will provide the same half- 
value laver as would be obtained when 
using 2.0 mm. Cu and т.б mm. Al. Our 
data indicate that 0.51 mm. Sn 15 neces- 
sary to obtain the same equivalence. The 
data are in fairly good agreement with the 
work of Thoraeus and that of Mavneord 
and Roberts when the differences in in- 
herent filtration, geometry, and wave form 
are taken mto consideration. 


E. Dale Trout 
2855 Electric Avenue 
Milwaukee, Wisconsm 
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RADIUM PELVIC MEASUREMENTS FOR TREATMENT 
OF CARCINOMA OF THE CERVIX AND CORPUS 
UTERI WITH AN EXPANDING TYPE 
OF APPLICATOR” 


By EDWIN C. ERNST, M.D., EDWIN C. ERNST, Jr., M.D., ROLAND P. ERNST, M.D., 
RICHARD E. ERNST, M.D., and MARSHALL CLELAND, Рн.р. 


ST. LOUIS, MISSOURI 


N PLANNING a two vear ra liation re- 

search program under a grart received 
from the National Cancer Institute (Wash- 
ington), our chief concern was the need for 
the most sensitive tvpe of dos:ge instru- 
ment for measuring the radiatiom intensitv 
of multiple radium sources used in the 
pelvis for treatment of carcinoma of the 
cervix and corpus uteri. 

To avoid overdosing vital areas, such as 
the bladder and rectum, it is of great im- 
portance to know the radiation cosage rate 
at many points near and distant from ac- 
curately spaced and fixed uterine and vagi- 
nal radium sources in the pelvis. To meet 
these essential requirements an expanding 
type of radium holder was designed by the 
authors. 


SIZE AND ARRANGEMENT OF 
CAPSULES 


THE 


The applicator (Fig. 1) is a single-unit 
cervico-uterine instrument primarily de- 
signed to hold 6 multiple expanced vaginal 
and 3 uterine radium sources in rigid con- 
figurations.?? The radium needles em- 
ploved in these measurements are 19 mm. 
in total length and 12 mm. in active length. 
Filtration of 0.5 mm. platinum в provided 
for the radium needle and the walls of the 
capsules contain 2 mm. monel metal. The 
filtration of the two outer vaginal capsules 
Is increased to 3 mm. brass or monel metal. 
The interior dimensions of the capsule are 
4X 19 mm. The ends of the vaginal capsules 
contain 5 mm. of monel meta and lead 
while the distance factor of g mm. from the 


ends of the linear radium sources towards 
the bladder and rectum adds additional 
protection. 


TABULATION OF DATA 


With 9 chambers and 4 choices for the 
contents of each chamber (5, 1, 2, 3 
sources), there are 4° or 262,144 different 
ways of loading the applicator. If the left 
vaginal chambers are loaded in the same 
manner as those on the right, so that the 
radiation field has left and right symmetry, 
then the number of different loadings pos- 
sible is reduced to 4° or 4,096. Measuring 
that many radium loading combinations 
throughout the pelvis would be a large 
undertaking. We also measured g_ basic 
radiation distributions, each one generated 
by a single 10 mg. source placed in one of 
the g chambers. With these 9 patterns, any 
of the 262,144 combinations and the pub- 
lished 24 radium loading techniques could 
be obtained by adding the dosage rates pro- 
duced by the separate sources at any given 
point in the field. 

The scintillation method finally selected 
is a highly technical nonportable group of 
laboratory instruments of the cylindrical 
crystal probe type, whose calibration re- 
quired the combined skill of clinical radiol- 
ogists and physicists to minimize minor 
dosage discrepancies. 

At short distances, the radiation field 
varies greatly provided we have a point 
source. For example, the dosage rate de- 
creases by about 20 per cent in going from 
1.0 to 1.1 cm. away from the source. 


* From the Department of Radiology, Research Section, De Paul Hospital, St. Louis, Missouri. Presented at the Sixty-first Annual 
Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 1960. 
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MEDIAL COLPOSTAT 
Linear Radium Source (12 mm.) 


FILTRATION 
1 mm. Pt. (equivalent) 
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Lateral Colpostat 30x10 mm. 
Medial Colpostat 30x8mm. 
Capsule Chamber 
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DIMENSIONS 





20x4 mm. EXTERNAL COLPOSTAT | 


Linear Radium Source (12 mm.) 


FILTRATION 
1.25 mm. Pt. (equivalent) 


Fic. 1. (4) Closed position of the vaginal capsules. The screw bolt and fly nut fix the plastic cylinder to 
the handle of the applicator, thus protecting the vaginal walls, compressing the gauze packing, and stabiliz- 
ing the position of the uterus and radium sources. (B) Substitution of the external colpostats with ovoids. 
(C) Full expansion of the six radium sources. (D) External colpostats removed to accommodate a narrow 
pelvis. (E) The lateral wall filtration of the four medial colpostats measures 2 mm. of monel metal. (F) The 
lateral wall filtration cf the larger external colpostats is increased to 3 mm. of monel metal. The ends con- 
tain § mm. of monel metal and lead. The distance of g mm. from the 12 mm. linear active radium source 
to the ends of the colpostat adds to the protection of the bladder and rectum. 


CHARACTERISTICS OF THE MEASURING 
INSTRUMENT 

The spectrally designed scintillation probe 
(Fig. 2) consists of a small cvlindrical fluo- 
rescent crvstal (anthracene), 3.0 mm. in 
diameter cemented to one end of an 18 cm. 
pyrex glass rod, 7.0 mm. in diameter, with 
a photomultiplier tube at the other end. 
The tube responcs to the light emitted by 
the crystal. The entire assembly is covered 
with a light-tight shield. With this arrange- 
ment as designed by Townsend,"? the small 
crvstal can be placed close to the radium 
applicator while the bulky phototube, 
which is itself slightly sensitive to gamma 
rays, is kept farcher away. The probe is 


held perpendicular to the direction of radia- 
tion so that the rays pass through the small 
dimension of the crystal. 

With this crvstal, high accuracy of the 
dosage rate can be obtained at distances as 
short as 1 cm. from the source. 

The electrical circuit does not count in- 
dividual light flashes produced in the crys- 
tal, measuring instead the average light 
intensitv from the crystal. This is analog- 
ous to measuring the average current 
passed by an air ionization chamber. The 
light intensity from the crystal is propor- 
tional to the rate of ionization in the crystal 
and under certain conditions also to the 
сатта гау dosage in roentgens.?:11:16.17 


942 Edwin C. Ernst et al. 





Frc. 2. (A) Water phantom. (B) Scintillation crystal 
probe. (C) Photomultiplier tube. (D. Hydraulic 
lift elevates the water phantom cortaining the 
radium applicator and plexiglas plate for making 
contact with the stationary measuring tube. 
(E) Handle controls the table movements of the 
water phantom. (F) Large scale Weston meter. 


LABORATORY PROCEDURES 


Fach chamber of the applicato- will hold 
three 10 mg. radium sources. The 19 mm. 
long needles contain 12 mm. of active linear 





Fic. 5. The radium applicator and scinti lation crys- 
tal probe are shown in contact with the grid 
marked plexiglas plate immersed in a water phan- 
tom for measuring the radiation dose т roentgens 
per hour. 
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radium. For loading in which a chamber 
contains fewer than three sources, the 
empty space 15 filled with plexiglas tubing 
to prevent the needles from moving around. 

The applicator was placed on a flat plexi- 
glas plate (Fig. 3) and held rigidly in posi- 
tion by alignment blocks. The plate was 
marked with a grid of lines spaced 1 cm. 
apart. At the center of each square, a 
shallow hole was drilled to facilitate rapid 
and accurate positioning of the scintillation 
probe. The depth of the hole was chosen so 
that the center of the anthracene crystal 
was in the same horizontal plane as the 
central stem of the applicator. Two such 
plexiglas holding plates were used, one to 
hold the outer vaginal chambers in a hori- 
zontal plane and one to hold these cham- 
bers in a vertical plane. Using these holders, 
a two-dimensional radiation field pattern 
was measured for each of the two planes 
intersecting at right angles. 

The holding plates and applicator were 
suspended in the center of a water tank 
along the central stem of the applicator, 
which was supported by a small pneumatic 
hoist to facilitate slight controlled vertical 
movements of the tank. The hoist was 
mounted on roller bearings which permitted 
lateral motion of the tank in any direction 
on the table top. The scintillation probe 
was rigidly mounted vertically above the 
table with the probe extending down into 
the water. The water tank and applicator 
could be moved around on the table to 
align any grid point with the probe and 
then raised slightly to engage the probe in 
the alignment hole in the plexiglas holding 
plate. 


HIGH MAXIMUM SENSITIVITY 


The gamma-ray exposure dosage rate is 
read from a linear scale (Fig. 4). The ampli- 
hed current is directly proportional to the 
dosage rate in roentgens per hour (r/hr.) 
over the full meter-scale. The sensitivity of 
the scintillation meter is controlled by the 
voltage applied to the photomultiplier tube. 
As the voltage is increased, the sensitivity 
increases. The voltage at which the break- 
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ic. 4. Linearity of water scale is demonstrated by 
points interconnected with solid lines. The dosage 
rate at the center of a circle is measured with from 
I to 6 identical то mg. radium sources positioned 
around the circumference. Addition of one source 
at a time increases the dosage rate at the probe by 
equal amounts, straight lines indicating equal in- 
crements of meter readings, permitting calibra- 
tion of scale at any convenient point with other 
rates being calculated by ratio or "relation" to 
calibration point. Linearity is demonstrated for 
various phototube settings as indicated. 


down oceurs in the tube is the limiting 
factor. А good [P28 tube may be operated 
at approximately 1,200 v., at which point a 
full-scale meter deflection with a dosage 
rate as low as 4 r/hr. mav be obtained. The 
sensitivitv Is reduced bv a factor of approx- 
imatelv тоо as the tube voltage is reduced 
from 1,300 to 500 у. 

However, at апу given voltage setting 
the scale is linear. The current was meas- 
ured with a 273 Weston 7 inch panel meter 
to permit accuracy at los intensity. read- 
ings on the scale. 

The main advantage of using a small 
fluorescent (3.0 mm.) crystal and photo- 
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tube rather than a small air ionization 
chamber as the detector is because of the 
much larger current which is produced in 
the photctube for a given radiation field. 
In the foregoing example, with 1,200 v. on 
the tube, a dosage rate of 4 r/hr. produces a 
current of approximately 1077 amp. from 
the anode of the tube. This same dosage 
rate produces a current of approximately 
2107" amp. in an ionization chamber of 
the same size as the crvstal. Since the 
phototube current is approximately с Хто? 
times larger, a less erratic and more de- 
pendable electrical system can be used to 
measure this current. 


CALIBRATION OF THE METER 


The meter was calibrated in air by means 
of a radiation field set-up with a known 
quantity of radium. The radium consisted 
of six separate 10 mg. sources, each of which 
was 12 mm. in active length with О. mm. 
platinum filtration in the walls. The be 
was placed 5 cm. from the sources to reduce 
errors due to variations in source-to-probe 
distance. The 6 radium sources were placed 
around the circumference of a circle of 5 
cm. radius, with the probe in the center of 
the circle to compensate for small errors in 
probe placement. The National Bureau of 
Standards dosage rate 1s 20.2 r/hr. at the 
center (3.36 r hr. at $ cm.) from a single 
10 mg. source. The dosage rate (D) of an 
unknown field is found bv direct compari- 
son with this known field using the formula 


Sorrow 
Y 





in which ¥ is the meter reading obtained in 
the unknown field and Y is the meter read- 
ing obtaired in the known field of 20.2 r/hr. 


FACTORS AFFECTING ACCURACY 

The hard-rubber jacket surrounding the 
scintillation crystal 15 only about т mm. 
thick. This dimension was chosen to keep 
the outsice diameter of the probe small for 
easy insertion into body cavities. However, 
this jacket is not quite sufficient to stop all 


secondary electrons ejected bv gamma ravs 
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Fic. 5. To demonstrate the effect of secondary elec- 
trons on the probe, the dosage rate at 5 cm. from a 
radium source (0.5 mm. Pt wall) was measured 
with plexiglas Jackets covering the probe, using 3 
separate Jackets with thicknesses of 3, ^, and 12 
mm. Data are plotted on semi-log paper. Dotted 
line 1s extrapolation of straight.line portion, slope 
line indicating absorption of 1.0 per cent tor 3 mm. 
jacket. Penetration of secondary electrons through 
the black hard rubber jacket surrounding the crys- 


tal is demonstrated by a slight upward curve of 


the solid line at left. Separation of dotted and solid 
lines indicates an error of 6 per cent due to sec- 
ondary electrons when the plexiglas jacket is not 
used during calibration of meter in air. 


from the platinum capsuleor from surround- 
ing shielding materials. Consequently (Fig. 
5), the sensitive end of the probe must be 
covered with a plastic Jacket of 2 or 3 mm. 
thickness when making radium measure- 
ments in air. This thin jacket stops elec- 


trons but allows negligible absorption of 


the gamma rays. The calibration field was 


measured with pissislas probe Jackets of 


various wall thicknesses, ranging from 3 
mm. to 12 mm. The data when pletted on 
semi-log paper indicate an electronic com- 
ponent of 6 per cent which is stopped bv 
the 3 mm. plexiglas Jacket. This jacket ab- 
sorbs only 1 per cent of the gamma-ray 
flux. For measurements performed with the 
probe under water or inside a body cavity 
and surrounded by soft tissue, the plastic 
jacket 15 not needed, since the water or 
tissue stops the secondary electrons ejected 
from the source capsules. 
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Secondary Sensitivity. Although the most 
sensitive region of the probe corresponds to 
the center of the anthracene crystal, the 
probe is slightly sensitive at the end nearest 
the phototube. This is probably due to a 
weak fluorescence of the pyrex glass rod or 
to Cerenkov light produced in th s rod by 
high energy secondary electrons. Light 
produced in the end of the glass rod nearest 
the phototube is collected by the photo- 
tube more efficiently than light from the 
crystal and so, even though ve-v weak, 
produces an undesirable background cur- 
rent. 

This effect is not to be confused with a 
light gamma-ray sensitivity of the photo- 
multiplier tube itself. An opaque shutter in 
the tube housing between the pvrex rod 
and the phototube is closed after each read- 
ing to determine the phototube current. 
This background current is partlv due to 
the normal “dark” current of the tube and 
partlv due to gamma radiation striking the 
photocathode. 

Considering just this light from the 
probe, the part generated by gamma radia- 
tion striking the pvrex rod near the photo- 
tube end can be separated quantitatively 
trom the crystal fluorescence by measuring 
the dosage rate of a radium point source 
placed at varving distances perpendicular 
to the probe and comparing the dita to the 
inverse square law. At short distances of 1 
to 2 cm., the gamma dosage rate at the 
anthracene crvstal is much larger than the 
rate at the phototube end of the pvrex rod 
and the light generated in the rod itself 15 
negligible compared to that produced bv 
the crystal. At greater distances in relation 
to the length of the probe, the dosage rate 
at the crystal is not much larger than at the 
phototube; thus the light from the rod pro- 
duces a small deviation trom the inverse 
square law. This effect can be minimized by 
surrounding the glass rod with a lead shield, 
reducing possible error to less than 1 per 
cent. 

In practice, 12 mm. linear radium sources 
were used instead of a point source to in- 
vestigate the above effect and the data 
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‘ic. 6. Dosage rates measured at various distances 
from linear radium sources are presented for com- 
parison with inverse square law. Rates have been 
multiplied by scuare of distance, so that data 
obeying inverse square law would he on horizontal 
line G. Al! data have been normalized to т.о гу hr. 
at 1.0 cm. Dotted lines А and B are obtained in 
this way from the calculated dose rate given by 


Quimby for о. mm. Pt walled radium sources of 


г.о and 2.0 cm. length, respectively. The down- 
ward curvature at shorter distances is due to the 
length of the sources. At distances greater than 
с.о mm., the mverse square law is obeyed with 
less than ı per cent error. Solid curve C intercon- 
nects data obtained with unmodified probe 
equipped with a crystal of good quality. Upward 
slope indicates some radiosensitivity of the glass 
light pipe. Solid curve D shows the improvement 
resulting from the use of a cylindrical /ead shield 
around the light pipe. Both curves C and D depart 
from the mverse square law at short distances be- 
cause of r2 mm. active length of radium sources. 
Curve E shows data obtained with an inferior yel- 
lowed crystal with reduced light output radio- 
sensitivity of ligh- pipe, producing proportionately 
larger deviations. Curve F shows data obtained 
with a good qual:ty crystal, lead shield, and short 
radium source of 5 mm. length. Small deviation 
from line G at shorter distances proves that errors 
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obtained тї distances from 1 to 6 cm. were 
compared to the calculated values for linear 
sources. Figure 6 presents the produce of 
the dosage rate and the square of the dis- 
tance in centimeters. The scale is adjusted 
for convenience in plotting so that the 
dosage rate of a point source at т cm. Is 
т r hr. Data obeying the inverse square 
law would fall in the horizontal line С. 
Curves A and B represent data from 
Quimby" for sources 1 and 2 cm. in length, 
respectively. Curve C gives data obtained 
with the scintillation meter and a radium 
source 12 mm. in length. 

The light generated in the pyrex rod 1s 
about 6 per cent of the total for a perpen- 
dicular source-to-probe distance of 6 cm. 
A specially designed lead shield covering 
the pvrex rod reduces this to less than 1 per 
cent (curxe D). Curve E shows the data 
obtained with an inferior yellowish anthra- 
cene crvstal of reduced light output. Curve 
F shows data obtained with a source 3 mm. 
long and with the lead shield on the probe. 
This curve indicates that errors due to the 
finite size of the crvstal are less than 2 per 
cent at 1 cm. distance. All measurements of 
the applicator fields are performed with the 
special lead shield covering the glass rod. 

А simikir instrument with an internally 
polished hollow metal tube instead of a 
glass light type has been described by 
Belcher.! This bypasses the problem of 
fluorescence in the pipe but reduces the 
transmitted light intensity by about 60 per 
cent. For this reason we preferred the glass 
rod. 

Air Eguivalence. An instrument. that 
gives readings proportional to those of an 
“air-wall” ionization chamber over а wide 
range of radiation wave lengths 1s said to be 
air-equivalent. An instrument lacking this 
property must be calibrated in a known 
held of the same quality as that to be 
measured; for example, it would not be 
correct to calibrate such an instrument 
with radium and then measure a roentgen- 





due to the size of the crvstal are less than 2 per cent 
at 1.0 cm. distance. 
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ray field of much longer wave length (lower 
kilovoltage). 


In dealing with the radiation field of 


radium in air, this distinction is not impor- 
tant, since the wave length spectrum is the 
same at all points in space. However, in the 
present case the monel or brass capsules of 
the applicator provide extra filtration and 
thus shorten the average wave length of 
the direct rays compared with the rays from 
the exposed source used for calibration. In 
addition, when the applicator is submerged 
in water, part of the field results from scat- 
tered radiation, which is of much. longer 
wave length than the ргитагу radiation. 
These are rather small effects with radium. 

The anthracene crystal of the probe is an 
organic material of low average atomic 
number. The light-tight shield around the 
crystal is made of black hard rubber, also of 
low average atomic number. These mate- 
rials are approximately air-equivalent for 
roentgen dosimetry above 200 Ку. and for 


. 


most gamma-ray dosimetry.” 117.22 


ABSORPTION AND SCATTERING IN TISSUE 


Soft tissue surrounding the «pplicator 
changes the radiation field in two wavs. 
First, some of the gamma ravs traveling in 
à straight line from the radium seurce to 
the probe are scattered by the Compton 
effect into other directions and so miss the 
probe. À few are absorbed bv the photo- 
electric effect and never reach the probe. 
Thus the primary radiation is reduced at 
the larger distances (5 to 10 cm.) trom the 
applicator. The dosage rate within t or 2 
cm. trom the applicator is not significantly 
affected Ьу these etfects. 

Secondly, some of the gamma rays trav- 
eling initially in other directions, so that 
they would never strike the probe in air, 
are scattered by the Compton ettect in 
tissue so that they do strike the probe. 
Thus to the reduced primary radiation field 
is added a secondary field. This secondary 
field does not obey the inverse square law, 
since the effective source of the scattered 
rays is spread throughout a large region 
surrounding the applicator. 
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The reduction caused by straight-line 
absorption and scattering in the first case 
just cited can be estimated from the mass 
absorption coefficient of water for gamma 
rays.™® For monoenergetic gamma rays of 
I теу. energy, the primary radiation 1s 
reduced to 70 per cent of the air value by 
absorption and scattering in 5 cm. of water. 
Ravs of 2 теу. energy are reduced to 78 per 
cent of the air value in 5 cm. of water. The 
secondary field coming from the surround- 
ing tissue does not quite make up for this 
reduction.??! The dosage rate at 5 cm. from 
à single radium source was observed to be 
go per cent of the air value while the source 
and probe were submerged in a 26X 20X 10 
cm. water bath. The ratio of dosage rate 
measured under water compared to that in 
air at intermediate distances (Fig. 7) is in 
agreement with the data of Wooton, 
Shalek, and Fletcher? and others. 

Because of the complexity of these proc- 
esses and because the effects are not the 
same for all points of the field, mathemati- 
cal corrections for the scattering, though 
possible, are difficult. All measurements of 
the radium sources were made with the 
applicator and the crystal end of the probe 
under water, since measurements per- 
tormed with the radium-loaded applicator 
submerged in water include the effects of 
absorption and scattering of gamma ravs 
bv surrounding tissues and thus show the 
dosage rate distribution as it exists in the 
tissues during treatment. The phototube 
remained above water. The crystal with its 
covering 15 of nearly the same density as 
water; therefore, its presence does not dis- 
tort the radiation field and the meter read- 
ing indicates the dosage rate under water 
at the position of the crvstal. 


SUMMARY 


г. Improved radiation results and more 
reliable comparative dosage measurements 
can be achieved in the distal areas of the 
pelvis if the radium technique employed is 
based on strict adherence to the principles 
of radiation physics of accurate spacing of 
the radium sources rather than on our 
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Fic. 7. Dosage rate measurements with radium 


sources and scintillation probe submerged in water 
simulate absorption and scattering effects of soft 
tissue, giving the ratio of underwater to air meas- 
urements and eliminating inverse square law and 
linear seurce correction factors. The reduction in 
measured rates due to water is indicated by devia- 
tion of the sol:d line from the horizontal dotted 
line. 


tormer more or less empirical, hit-and-miss 
loose capsule techniques. 

2. We realize that it is difficult to rou- 
tinely control the positions of individually 
packed loose radium sources in the vaginal 
vault in the presence of anatomic or patho- 
logic uterine deformities. 

3. We are also aware that some groups of 
radiotherapists have developed consider- 
able skill in the placement of loose radium 
capsules, and we wish to pay homage to the 
early pieneer investigators in. Stockholm, 
Paris, Manchester, and elsewhere who em- 
ployed the various techniques of applving 
loose and semi-loose radium capsules. 

4. However, in our experience at the 
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former Barnard Free Skin and Cancer 
Hospital, we found that irregularly dis- 
placed loose radium sources were largely 
responsible for producing undesirable radi. 
ation effects, such as slow-healing ulcers or 
rectovaginal fistulae in the vaginal vault 
when we emploved a lethal radiation can- 
cer cell dose. 

This also emphasizes the futility of com- 
parative measurements in a phantom, or 
calculation of the dose of uncontrolled ra- 
dium capsules, without making the neces- 
sarv corrections for апу misplaced or sub- 
sequently shifting radium sources in the 
patient curing the treatment period. 

5. We have therefore presented a more 
reliable method for obtaining dosage rate 
measurements in r/hr. at key points "A," 
“В. “CO” (cervical os) and 200 other 
fields in the pelvis for 24 different dosage 
techniques. 

6. The radium holder and scintillation 
measuring instruments recently perfected 
offer the means for complete control of the 
distribution and fixation. of the radium 
sources in the pelvis. Thus, our object to 
select in advance and accuratelv duplicate 
the dosage requirements in the same or 
other patients was achieved. 


Edwin C. Ernst, M.D. 
Beaumont Medical Building 
3720 Waslington Avenue 
St. Louis *, Missouri 
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GAS PRESSURE IN SEALED RADIUM CONTAINERS* 


By J. F. 


MORGAN, Px.D. 


LOS ANGELES, CALIFORNFA 


URING recent vears, an increasing 

number of accidents have been re- 
ported involving the more or less violent 
rupture of emcapsulated radium sources, 
with consequent serious contamination of 
personnel and/or environment. ?? 7.5/9 [n 
some instances breakage has appeared to 
result directly from rough handling, such as 
an overly-enthusiastic application of for- 
ceps, or from being dropped and trampled 
on a hard floer. On other occasions, exces- 
sive heating has seemed to act as a trigger 
for the release of internal stresses. Com- 
parative evalvation of the few details avail- 
able suggests the existence of large, and 
perhaps random, individual differences in 
resistance to either mechanical or thermal 
abuse. Among numerous apparently unre- 
lated circumstances, however, a single 
parameter—tne age, or rather the time 
elapsed since sealing of the container—can 
probably be nterpreted as offering some 
basis for correlation with susceptibility to 
trauma. 

The autho- recalls one example, not 
previously reported, when a combination ot 
prolonged heat with forcible distortion re- 
sulted in only minimal damage. Five rela- 
tively new tc milligram platinum needles 
had been thrown into a hospital incinerator 
with used dressings. The following dav four 
of the five were recovered from the ashes, 
blackened and encrusted but still intact. 
The fifth, greatly enfeebled as to gamma 
emission, was finally located in a bent and 
partially flattened condition between the 
movable iron grates. Since no significant 
amount of residual radioactivity could be 
detected in the firebox after removal of this 
last needle, :t was concluded that only 
radon gas had escaped through some fissure 
too small to permit appreciable loss of the 
radium salt. In the hot draft of the incin- 


erator, radon would of course have been 
blown rapidly out the stack with little 
opportunity to be adsorbed, or to deposit 
its decay products. It is noted in this con- 
nection that although the only portable 
survey equipment available at that time 
(circa 1933) was a gold leat electroscope, 
which by modern standards would be con- 
sidered quite insensitive to gamma radia- 
tion, it should have been adequately re- 
sponsive to the heavier alpha ionization 
from amy gross quantity of loose radium 
products. 

In contrast to such surprising evidence of 
initial ruggedness, there has been at least 
one occasion when a rather “old” capsule, 
lving entirely undisturbed on a table, was 
observed to erupt spontaneously. Witnesses 
to some other accidents, under less unique 
circumstances, have also described explo- 
sively audible escapes of gas which ejected 
clouds cf powdery salts into the surround- 
ing air. Such facts as have been collected 
point toward a progressive buildup of inter- 
nal pressure, which may eventually reach 
critical proportions. It would thus seem to 
be in order to investigate the possible 
modalit:es Ьу which gases can be produced 
within an enclosed container of radium, and 
to attempt an evaluation of their quantita- 
tive significance. Interest in this subject is 
sharpened by the fact that an appreciable 
number of the sources now in use were 
sealed twentv or more vears ago, and, if 
pressures are continuing to rise with the 
passage of time, it must be expected that 
safe limits will eventually be exceeded. 

At present, there does not seem to be a 
practicable technique available for the 
direct determination of atmospheric condi- 
tions inside a radium needle. Nevertheless, 
by application of Avogadro’s law in con- 
junction with the well known disintegration 
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TABLE I 


FREE SPACE AVAILABLE IN RADIUM MEDICAL APPLIANCES!!! 











Internal Dimension 









































External Dimension . Free 
ард Е Ыр Internal | Volume Space 
Ty de 7 i P | i ss 
у ф Е. ф La \ ше Ка БОЗИИ Available 
mm. mm. mm mm. жиг MAS mm. 

& mg. needles 1.75 15 о.7 7 2.69 1.65 | 1.О4 
Io mg. needles [74 20 6.9 12 4: 6 2.93 1. 6g 
University of California needles 1.65 19 0.6 І 2.82 cae р Жон 
Io mg. tubes 2.8 21.7 0.75 15 6.62 4.06 3.54 
sequence of the radium family, a theoreti- | seconds: 
cally accurate picture of some of the events C PEE A rol Soda 

; ) 3.7 X 10' X 8.64 X 10! X 3.825 X 1. 
may be constructed. In our earlier efforts to >°” 4 отаи 
calculate the numerical magnitudes of —1.76X10" atoms. (А-П) 


increasing pressures, there intervened a 
frustrating lack of reliable data concerning 
the free volumes available for gas expan- 
sion, so those figures were limited te hypo- 
thetical approximations. More recently, 
however, the necessary measurements listed 
in Table т have been made available! and 
the problem can now be approached on a 
more quantitative basis. We will therefore 
consider separatelv the three currentlv 
recognized contributions to gas accimula- 
tion: (А) radon, (B) helium, and (С) dis- 
sociated water. 


(A) RADON 


The following nuclear constants have 
been tabulated’ for the first step of radium 
decay: 


ssRa?” (1620 yr.) 


—gRn?? (3.825 da.) J-3He?*. (A-I) 


Even though a container of radium com- 
pound has been completely freed o^ radon 
before sealing, as is reported to be standard 
procedure,? the buildup of fresh racon will 
reach approximate equilibrium with its own 
rate of decay within a few weeks. At that 
time, by definition, the quantity o radon 
present will be 1 mc per 1.0 mg. of radium, 
or 3.7 Хто" disintegrations per second. The 
total number of atoms present in 1 mc of 
radon mav be calculated from that rate of 
disintegration times the average life in 


Ву Avogadro's law, each atom of this mon- 
atomic gas under standard conditons will 
occupv an average volume of: 
22.4 X 108 : uu 
= RIO! mms. OLI 
6,02 x10" 
The 1.76 Хто! atoms of radon found by 
equation (А-П) to be in equilibrium. with 
1.0 mg. of radium will therefore occupy: 


[70% гй, бе Кур Kio 


—6.55X10 ! mm.?. 


(A-IV) 


From the dimensions given in Table 1 for 
representative tvpes of containers, we 
deduce a rough average of 0.2 mm ? of free 
space available per 1.0 mg. of radium. The 
constant pressure contributed by radon 
will then be: 


6.552 107 Р 
сла — = 3.28 X 10 ? atmosphere. 


(A-V) 
It is thus shown that despite an apoarently 
instinctive tendency on the part of some in- 
dividuals to think of radon as the dominant 
factor in gas accumulation, its effect in 
terms of absolute pressure is entirely 
negligible. 


(B) HELIUM 


In addition to the radium-radcn alpha 
transition formulated in equation (А-1), an 
additional alpha particle is emitted during 


VoL. 85, No. § 


each of four otaer steps of the decay se- 
quence to s:Pb?*. Thus tor each radium dis- 
integration, a tctal of ive atoms of helium 
is produced. By this process, 1.0 mg. of 
radium will generate helium at the rate of: 


6X3 X10 X 8.62 XK 10! X 365 
= £.83X 10!5 atoms/ year. ( B-I) 


[t was shown by equation (A-III) that a 
volume of 3.72X10-" mm.?/atom 15 re- 
quired at S. T.P. Under those conditions, 
each vear's accumulation of helium would 
occupy: 


REX 109 X 35.72 € 10°" 


—2,.17X10 mm.*. 


(B-11) 


That quantity of gas, confined in the 0.2 
mm.? space previously determined, will 
cause a net annual rise in pressure amount- 
ing to: 
A 0-9 серы 
————= 1.06 atmospheres/ year. 
2.0X 107! 


(В-111) 


In view of the fact that, unless leakage 
intervenes, an internal force of approxi- 
mately 320 pounds per square inch will be 
developed in the course of twenty vears, 
this continuous rate of helium formation 
should by no means be considered negligi- 
ble. 


(С) DISSOCIATION OF WATER 


The ability to dissociate water into 
gaseous Components was among the earlier 
experimentally noted properties of radium,’ 
and has since been studied 1n considerable 
detail trom the standpoint of biologic as 
well as chemical significance. Among the 
quantitative measurements of several in- 
vestigators as compiled by Lea,® there is 
reasonable agreement on an average vield 
factor of approximately one molecule Н» 
per ion pair, produced by alpha radiation 
in purifed liquid phase water. Some doubt 
has been expressed as to whether any de- 
composition takes place in the vapor state, 
and the assumed straightforward reaction 
2 H,O-—2 H:s-4-O» appears to be compli- 


cated bv an intervening formation of H.O.. 
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l'urthermere, in the presence of a reducible 
substance, oxvgen but no hvdrogen will be 
evolved, while if an oxidizable substance is 
present there will be hydrogen but no 
oxygen. All in all, the picture is not quite as 
simple as might be desired. 

From the standpoint of contribution to 
pressure within a radium source, 1t 1s most 
difficult to understand how water could re- 
main in such a container through the proc- 
esses of filing and sealing. In the produc- 
tion routine described by Pregel;? it 1s speci- 
fied that tae (Ка-Ва) Вг, crystals are dried 
and crushed before being loaded into the 
tubes and weighed. Complete de-emana- 
tion Is then effected before closure bv keep- 
ing the filed tubes on a hot plate for ap- 
proximate v one hour, which treatment 
might equally well be considered an addi- 
tional penod of desiccation. Finally, it 
should be -emembered that the actual seal- 
ing of the netal containers is accomplished 
by gold- er silver solders or brazing alloys, 
whose working temperatures range up- 
ward from 500° C. 

Furthermore, if we ignore all the ap- 
parent cortraindications and assume that 
water has in some way been entrapped 
within the radium source, still another 
puzzling speculation arises. As dissociation 
progresses an intimate and critically pro- 
portioned mixture of intensely ionized 
hydrogen ind oxygen would be subjected 
to rapidly increasing ambient pressure. 
Under such favorable conditions for reac- 
tion, why should not immediate recombina- 
tion take place to balance the rate of de- 
compositien? 

Although we have been inclined to ac- 
cept the various arguments outlined above 
as adequa-e grounds for eliminating water 
from serio is consideration, some newly re- 
ceived mformation?? indicates that under 
certain circumstances it must be possible 
for a sigrificant degree of aqueous con- 
taminatiom to occur. Pertinent excerpts 
from the original communications are 
quoted as follows: “Our conclusions are 
based on rnanv vears of experience in open- 
ing tubed radium salts and in every case 
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where we encountered any appreciable 
pressure build up we have been able to 
trace the cause to improper dehydration of 
the salt prior to sealing. This mav, of 
course, have been coincidence, but we are 
quite sure that, in those cases where we 
have encountered a violent reaction when 
the tube is opened, most of the pressure 
causing the difficulty has been due to a 
build up of hydrogen and oxygen from 
decomposed water or water vapor," and 
again: "We have handled many scaled con- 
tainers in our work and we encountered 
difficulty with sealed sources obtained from 
only one supplier, and this situation, I 
think, has now been corrected. To the best 
of our knowledge there have been no recent 
reports of the rupture of sources, except, 
perhaps, in a case where cells fabricated ten 
to fifteen years ago are still in usc." 

In deference to such a weight of first- 
hand evidence, we should now attempt to 
evaluate the internal forces which сап be 
derived from the dissociation process. As 
previouslv noted, some reaction constants 
involved here are less clearly detined than 
those for the formation of radon or helium, 
but at least an order of magnitude of maxi- 
mum predictable values may be attainable. 
The first major uncertainty is the relative 
quantity of water which could be present. 
Since the preceding quotation reterred to 
"improper dehydration” rather than to any 
actual {тее liquid, it seems probable that 
the two molecules of Н.О per molecule of 
total salt content which can be held in di- 
hydride form would represent an extreme 
upper limit. Also, since there seems to be no 
definite proof that any compensitory re- 
combination or anv loss through oxidation 
or reduction actually takes place, we should 
assume that all available water will finally 
be converted to Н, and О». Consider first 
that each milligram of radium element 
contains: 
io 


—_—_—_ (С) 


| й —=2.65 Хто! atoras. 
226 X 1.67 X 197 


In a typical? mixture of (go per cent Ra 
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+10 per cent Ва) Вг», this further specifies 
the number of RaBr molecules. In addi- 
tion, there аге 10/90 as many of BaBry., so 
the total number for the salt mixture 15: 


2.65 X10! X (14- 10/90) 


—2.94X 105 molecules. (С-П) 
This is also one-half the figure to which we 
assumed the number of water molecules 
would be limited, and corresponds to ap- 
proximately 160 ug. Н.О per т.о mg. of 
salt, or 16 per cent by weight. 

For each two molecules of Н.О decom- 
posed, there will result two molecules of 
H» plus one of О», or a total of 3X2.94 
X 10^ gas molecules per 1.0 mg. of radium 
element. The volume occupied by these 
gases under normal conditions would be 
0.02 X IO X 3,92 X 1072 328 mim. Con- 
fined to the 0.2 mm.’ average space avail- 
able, the resulting pressure would be 
328 /о.2 = 1,640 atmospheres. There is cer- 
tainly no doubt that if such a quantity of 
water were sealed in such a container, and 
if the reaction were to proceed under opti- 
mum conditions to complete dissociation, a 
verv high internal pressure would be de- 
veloped! 

It appears further that the rate at which 
this pressure rises will be significantly 
greater than that of the other gases under 
consideration. As previously noted, one 
molecule of Н» (plus half a molecule of О.) 
is to be expected for each ionizing event. 
Since alpha particles are responsible for 
over 9o per cent of the ionization 1n close 
proximity to equilibrium radium, the beta 
and gamma components тау be neglected. 
An average yield of about то? ion pairs per 
micron of path in water has been attrib- 
uted® to each radium alpha particle, so 
that even in the cramped confinement of a 
radium needle, each one should have the 
opportunity to instigate several such events. 
If even approximately correct, this reason- 
ing would indicate an initial rate of hydro- 
gen-plus-oxvgen buildup several times 
faster than the one molecule per alpha vield 
of helium. 

Expressed in atmospheres, or pounds per 
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square inch, suca gas pressures seem very 
large. Due to the small internal cross sec- 
tion area exposed, however, the actual 
linear stresses exerted on the walls are well 
within rensile limits of the metals involved. 
It may be assumed in general that, unless 
weakened bv excessive heat or mechanical 
abuse, any properly fabricated and sealed 
platinum-iriditm (or brass, ог monel, or 
steel) container whose wall thickness is 
comparable to its internal diameter should 
be capable of withstanding even larger 
values of accumulated pressure. Any evi- 
dence of structural weakness will usually 
manifest itself around the joint or plug 
used to close the capsule. Although a per- 
fectly brazed or hard soldered seam may 
initially show nearly the same strength as 
the parent metal, its melting or softening 
point is necessarily lower, and it is likely to 
be more vulnerable to any accidental flex- 
ing strain. In acdition, we would be exces- 
sively optimistic to assume that workman- 
ship will be perfect in every case. Normal 
autoclaving wll temporarily increase any 
pre-existing internal gas pressure by 25 to 
35 per cent above that at room tempera- 
ture, but will have no appreciable influence 
on metallic strength. If, however, needles 
are being sterilized in an open pan of water 
and are allowed to boil dry,' direct expo- 
sure to hot plate or flame temperatures may 
weaken the sea. enough to permit either 
immediate or subsequent separation, ac- 
cording to the amount of gas present. 

In recognition of the greatly increased 
hazard shown to exist in the presence of 
water, it is to be fervently hoped that this 
particular situation has now been cor- 
rected, as beheved by Wallhausen? and 
tha- such improperly dehydrated sources 
will not again become a problem. As to the 
inevitable and quantitatively predictable 
accumulation оғ helium gas, we can only 
exercise maximum care to avoid both exces- 
sive heat and mechanical abuse. One pos- 
sible safety precaution might be to return 
all sources to the supplier for opening and 
re-encapsulatior, at intervals of perhaps 
ten years or less. [t is obvious that, if break- 
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age does occur through some unforeseen 
accident, the greater the internal pressure, 
the more widely scattered will be the result- 
ing contamination. It also seems worth 
noting in this connection that, in case of the 
small leaks which are occasionally detected 
bv "radon wipe tests," excess helium pres- 
sure will be relieved very rapidly, due to 
the high rate of mobilitv of helium through 
small orifices. 


SUMMARY 


From calculations of the internal gas 
pressures which can be predicted to de- 
velop in representative tvpes of medical 
radium appliances, it is concluded that: 

(A) Radon quickly reaches ап equilib- 
rium value of negligibly small magnitude. 

(B) Helium is continually evolved at a 
rate which corresponds to approximatelv 
one additional atmosphere each vear, and 
for practical purposes its eventual pressure 
will be limited onlv by the age of the sealed 
preparation. 

(C) Hydrogen and oxygen would be 
generated very rapidly by dissociation of 
апу water which might accidentally be 
present. The resulting pressure, depending 
on the quantity of water initially available, 
could conceivably reach an order of magni- 
tude of several hundred atmospheres. Ap- 
parently, and fortunately, aqueous con- 
tamination is now a diminishingly rare oc- 
currence. 

It is suggested that special care in han- 
dling radium containers, avoiding both ex- 
cessive heat and mechanical strain, will 
tend to minimize the hazard of explosive 
rupture caused by inevitable accumulations 
of helium. Periodic re-encapsulation of 
sources, at intervals of a few vears, would 
serve to lmit the maximum pressures at- 
tained. 

Departmentof Radiology 
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ADDENDUM 


Some time after this paper had been ac- 
cepted for publication in this JOURNAL, an 
additional reference (Curie, М. Extract 
from a paper on measurements used in 
radioactivity and the radium standard. 
Am. J. RoENTGENOL., 1922, 9, 607-611.) 
of considerable historic interest came to the 
attention of the writer. It appears that dur- 
ing preparation of the International Ra- 
dium Standard in August, 1911, Madame 
Curie not only anticipated the problems of 
gas formation, but took pains to eliminate 
the aqueous contamination hazard, and in 
addition proposed a future procedure for 
release of the accumulated helium. Her 
report indicates that after having filled 
the tube with pre-desiccated RaCl. crys- 
tals at 80° C., she then subjected it to fur- 
ther heating at 150° C., before it was sealed. 
Her comment on this point is quoted as fol- 
lows: “But as the salt has been carefully de- 
prived of all its water of crystallization, the 
production of explosive gases, a usual oc- 
currence with a hvdrated salt, is not to be 
feared. The only gas production to be con- 
sidered is that of helium; this cannot be 
avoided." 

She calculated that this particular quan- 
tity of 0.01675 gm. Ra, with a half-life of 
2,000 (sic) vears, would produce about 2.5 
mm.* of helium per year. Since the salt oc- 
сирей not more than 6 mm.’ of the 25 mm.’ 
space in the tube, the rate of increase in 


pressure would be only $ atmosphere per 
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vear, so she suggested the advisability of 
waiting 15 vears before opening this tube 
to permit the escape of excess gas. 
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THE USE OF CALCIUM 47 IN DIAGNOSTIC STUDIES 
OF PATIENTS WITH BONE LESIONS* 
By K. R. COREY, M.S., P. KENNY, M.S., E. GREENBERG, M.D., A. PAZIANOS, M.D., 
O. H. PEARSON, M.D., and J. S. LAUGHLIN, Pu.D. 


NEW YORK, NEW YORK 


"T report describes technical aspects 
of the use of calcium 47 for diagnostic 
studies in patients with bone lesions, to- 
gether with preliminary results of its clin- 
ical application. Calcium 47 is a radio- 
active isotope of calcium which has a short 
halt-life (4.7 days) and emits a high energy 
gamma ray (1.31 mev.) as well as beta ravs 
and other gamma ravs. These phvsical char- 
acteristics make it attractive for clinical 
studies of calcium metabolism since the 
short halt-life permits repetitive studies and 
minimizes any radiation hazard, while the 
energetic gamma ray permits external de- 
tection of the site of uptake and the deter- 
mination of the calcium turnover, as well 
as measurement of the concentration in 
urine and blood. 

Historieally, calcium 47 has been pro- 
duced m several different reactions? 5/1? 
utilizing bombardment with protons, deu- 
terons, and neutrons. It has been difficult 
to obtain it with adequately high specific 
activity, and also to minimize the presence 
of other isotopes such as calcium 45. Since 
a report in 1955 by workers at the Oak 
Ridge National Laboratories on the pro- 
duction of calcium 47 by proton bombard- 
ment of targets enriched in calcium 48," 
we have looked forward to the availability 
of this isotope for metabolic studies. This 
reaction is still potentially the most hopeful 
for high specific activity and low contam- 
ination, but calcium 47 is not vet available 
produced in this manner. However, as de- 
scribed in this same report and bv others,’ 
calcium 47 may be produced by neutron 
capture im calcium 46. Since calcium 46 
occurs naturally with an abundance of only 
three-thousandths of 1 per cent, consider- 


able enrichment is necessary and has been 
accomplished by electromagnetic separa- 
tion at the Oak Ridge National Laboratory. 
All of the calcium 47 utilized in the studies 
reported here was made from enriched cal- 
cium 46 obtained from the Oak Ridge Na- 
tional Laboratory. 

Our work with this isotope commenced in 
May, 1958, and up to December, 1959 a 
total of 43 studies had been made on 30 
patients. Of these, 29 were complete 
studies, combining kinetic blood and uri- 
nalvses with external counting examination 
conducted on 18 subjects, while 14 other 
studies were limited to external counting. 


MATERIALS AND METHODS 


The decav scheme of calcium 47 is shown 
in Figure 1 as derived from reported meas- 
urements.'??! As indicated, it decays either 
with the emission of beta ravs with a max- 
imum energy of about 2 теу. directly to 
scandium 47, or more frequentlv with the 
emission of beta rays with a maximum 
energy of 0.66 теу. followed by a gamma 
ray with an energy of 1.31 теу. (77 per 
cent), or, alternativelv, with two gamma 
rays (0.49 mev., 0.83 mev.). The sequence 
of these latter two gamma rays is not 
known. Scandium 47 decavs either with 
beta rays with a maximum energy of 0.60 
mev. to the ground state of titanium 47, or 
alternatively with 0.44 mev. maximum 
energy beta rays followed by a 0.16 mev. 
gamma rav. The gamma-ray spectrum as 
obtained with our scintillation crystal 
spectrometer is shown in Figure 2. 

Calcium carbonate enriched in calcium 
46, enclosed in a quartz ampule, was irradi- 
ated with neutrons at Brookhaven National 
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(83%) 







1.3] 
(77%) 





Fic. 1. Decay scheme of calcium 47. Frergies 
are in units of mev. 


Laboratory. After irradiation, it was dis- 
solved in a small amount of 0.01 У hydro- 
chloric acid and then made up со about 
20 ml. with 0.9 per cent saline вой tion and 
sterilized. An aliquot of this solution was 
standardized. The details of production and 
standardization are described separately. A 
dose of 20-40 uc contained in 3-19 cc. was 
then injected intravenously with a cali- 
brated syringe. Aliquots from the solution 
were prepared for use as reference sources 
in the assays of radioactivity. 

External counting was done with a 
counter originally designed for ra lioiodine 
measurements. It has a 1X12 inca sodium 
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Fic. 2. Gamma-ray spectrum ct 
calcium 47 and scandium 47. 
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iodide crystal surrounded bv a 3 cm. thick 
lead shield with a 4 cm. diameter aperture. 
For the present work, it was modified Ьу 
the extension of the shield 7 cm. in front of 
the crystal, to leave place for a removable 
7 єт. thick lead absorber. Counting was 
done with the shield aperture in direct con- 
tact with the skin above the area of bone 
being examined. Two counts were taken at 
each location with and without the 7 cm. 
thick lead plug in the aperture. The meas- 
urement with the lead plug allows an esti- 
mation of the background due to the pene- 
tration, through the shield of gamma rays 
from calcium 47 deposited in the rest of the 
body. For blood, urine, and stool measure- 
ments a well type scintillation counter was 
used. 

All counting was done with gamma-rav 
spectrometers. For each counter, discrimi- 
nator settings were selected to giveoptimum 
statistical accuracv. For the average size 
crystals used for well counting and uptake 
measurements, integral counting with little 
discrimination is most advantageous. To 
eliminate scandium 47 gamma rays, dis- 
crimination against energies below 400 kev. 
was used. The results of the detailed con- 
siderations of the optimum discrimination 
settings will be presented for the case of the 
whole body scanner. 

Patients were maintained under condi- 
tion of metabolic balance. Blood samples 
were drawn at frequent intervals during the 
first 24 hours and once a day for 7-10 days. 
Urine was collected in 24 hour samples. 
Fecal collections were obtained in 3 day 
periods. Chemical determinations of cal- 
clum were made on all serum, urine and 
tecal collections by the method of Fiske and 
Logan.’ Two cubic centimeter samples of 
serum were used for assay of radioactivity. 
The calcium in a 25 cc. aliquot of urine 
samples was precipitated as oxalate. The 
precipitate was redissolved in 2 cc. of nitric 
acid and counted. Fecal collections were 
homogenized, and 4 cc. of the homogenates 
used for counting. Aliquots of the original 
calcium 47 solution were also counted and 
the results of serum, urine, and stool assav 
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were expressed as percentages of injected 
dose per gram calcium. Counting was done 
to § per cent accuracy. External counting 
was done over normal bony areas as well as 
over sites of lesions, daily or in some cases 
every second day of the study. An aliquot 
of the orignial solution was counted in a 
thyroid phantem and the uptakes were 
expressed as percentages of the dose for 
convenience. No attempt was made to cor- 
rect these data for absorption or geometric 
factors. 

In some cases, pieces of bone were ob- 
tained after surgery or autopsy and radio- 
autographs mace. About 3 mm. thick slices 
were prepared, defatted in ether or acetone, 
and dipped in dilute collodium solution. 
They were then applied 1n contact with no 
screen film under pressure for periods of 
about 3 weeks. 


PRODUCTION AND ASSAY OF CALCIUM 47 

The theoretic relative activities of cal- 
cium 47, calcrum 45, and scandium 47 are 
shown in Figure 3 during one week of neu- 
tron irradiation of enriched calcium 46, and 
for two weeks following irradiation. Our 
assays of calcium 47 were based on a stand- 
ard calibrated at Oak Ridge by а gamma 
ray ionization chamber and bv scintillation 
spectroscepy. This standard was counted 
in our laboratory with a scintillation 
counter with all pulses above 0.64 mev. 
accepted. A cobalt 60 reference source was 
counted with the same geometry and dis- 
criminatien, and all subsequent prepara- 
tions were stancardized against 1t. The cali- 
bration has remained within +5 per cent 
of the original measurement. A total of 24 
irradiations of enriched calcium 46 and 
preparations of calcium 47 has been made. 
The calcium 45 activity was measured by 
beta counting after decay of the calcium 
47. Table 1 shows the results of the assays 
of calcium 47 and calcium 45 in 10 of our 
preparations. The vields of these isotopes 
were also estimated from the neutron flux, 
the composition of the irradiated sample, 
and the publisaed data on the cross-sec- 
tions of calcium 44 and calcium 46.” The 
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20 FLUX: 10'3 NEUTRONS/CM?/SEC. 
ISOTOPIC ANALYSES: 
CALCIUM 40 = 82.8% 
CALCIUM 44 = 12.8% 
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lic. 3. Relative growth and decay of calcium 47, 
calcium 45, and scandium 47 during and following 
one week of irradiation. Relative specific activi- 
ties showr here were calculated for the 2.3 per cent 
enrichmert of calcium 46. For 9.5 per cent en- 
richment, the ratio of calcium 47 to calcium 45 spe- 
cific activities is 14:1 at the end of one week's 
irradiatioa. 


data in the table show that in the majority 
of cases good agreement existed between 
the measured and calculated vields of cal- 
cium 45, while unexpectedly high yields of 
calcium 47 were found. The calculated 
vields mav be in error in some cases due to 
variations in the neutron flux. Therefore, 
the ratio of the calcium 45 and calcium 47 
vields was computed for both the calculated 
(К) and assayed (А,) yields. Finally, the 
ratlos of these values were calculated: 
R,/ R,. It can be seen that R;/R, was about 
2.5 instead of 1.0 as expected. Since the 
calcium 4; assays were in reasonable agree- 
ment with the calculated vields, we have to 
conclude that the cross section of calcium 46 
is probab y 2.5 times larger than the pre- 
viously published value. This is a fortunate 
finding ancl its significance will be apparent 
when the dosimetrv is discussed. During 
these assays, a contaminant with a long 
halt-lite which emitted very weak gamma 
rays was discovered in three of the prepara- 
tions. It kas not been identified as vet, but 
it accounted for a negligible amount of the 
activity. Іп Table 1 three different enrich- 
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TABLE I 
YIELDS @F CALCIUM ый AND CALCIUM 45 
Enrichment Time of Assayed Yield Calculated Yield 
Date at End of Per Cent Irradia- - — | KR. 
Irradiatior of Cal- tion Cat Cats Ca Ca 5 KR. i – — 
cium 46 (һг.) (ис) (ис) (ис) (ис) Ra 
March 2, 1959 5.99 115 85 18 33 18 56.21 0.55 ib 
March 16, 1959 d s 144 107 26 38 23 0.24 0.61 P.H 
March 30, 1959 21.27 206 i25 40 46 33 буп 6,92 2,5 
April 1, 1959 Lt 219 132 36 47 35 S27 — 2&7 
April 16, 1959 1.99f 172 73 14 34 19 O.I9 0.56 3.6 
April 27, 1959 1.99] 200 82 22 40 24 0.27 0.60 2:9 
June 8, 1959 1.991 140 67 12 30 16 0.18 6.83 2.9 
June 17, 1959 9.51 86 187 4.1 105 T 0,022  O.049 2.2 
September 14, 1959 1.991 194 37 26 44 25 O.I9 Ges 5.5 
November 16, 1959 9.51 194 160 4.5 SI 3.4 0.028 0.067 2.4 
* 12.875 calcium 44. 
T 9.59% calcium 44. 
Í 5.13% calcium 44. 
Ка= ratio of assayed yield of calcium 45 to calcium 47. 
Re ratio of calculated yield of calcium 45 to calcium 47 
The weight of the calcium was 2 mg. except in the hast preparation where о. mg. was used. The neutron flux was 1.3-1. Хто! 











п /cm.?-sec. The values for the yields are given as of the date at the end of each irradiation. 


ments of calcium 46 are indicated. The 
higher enrichments which gave a lcwer cal- 
cium 45 relative vield were empbyed in 
patients with. long or normal life expect- 
ancy. 


DOSIMETRY CONSIDERATIONS 


For the diagnostic studies it was neces- 
sary to set an upper limit on the adminis- 
tered dose of calcium 47. This required 
consideration also of the concomitant doses 
delivered by the calcium 45 and scandium 
47 contaminants. For patients with long or 
normal life expectancy the recommenda- 
tions of the National Committee or. Radia- 
tion Protection (NCRP) on maximum per- 
missible body burdens for occup: tionally 
exposed workers constitute an appropriate 
guide. Handbook 69 contains a list of max- 
imum permissible concentrations of most 
radioactive isotopes in air and water com- 
puted on the basis of these recon menda- 
tions such that even continuous intake over 
à 5o year period will not result in exceeding 
the maximum permissible body burden." 
On the basis of the data in Handbook 69, 
for 168 hours per week, continuous intake, 


the total intake in 13 weeks has been cal- 
culated and is given in Table п. These 
values apply to oral intake of the isotopes. 
No similar calculations have been made for 
the case of intravenous administration but 
it Is reasonable to assume that the permis- 
sible intake in this case would probablv be 
less by a factor of 2 for calcium and much 
greater for scandium. The recommenda- 
tions of the NCRP permit up to 3 rem (60 
per cent of the annual exposure) in any in- 
terval provided that no more is received 
during 13 consecutive weeks. An older per- 
son could receive 12 rem in one year on this 
basis. Table п contains no allowance for 
the additional dose that could be permitted 
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MAXIMUM PERMISSIBLE INTAKE FOR 168 HOUR WEEK 
ACCUMULATED IN 17 WEEKS (uc) 
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Isotope Bone à 
Tract 
Calcium 45 18 800 
Calcium 47 100 160 
Scandium 47 120X 10° 18c 
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on such a basis, but is a simple 13 week 
accumulation cf the average permissible 
weeklv dose. 

In the case of scandium 47 the gastro- 
intestinal tract is the critical organ. The 
concentration of scandium 47 1n our prepa- 
ration is always less than that of calcium 47 
at the time of injection, and what dose is 
delivered to the gastrointestinal tract 1s 
primarily due co the calcium 47. Conse- 
quently, the scandium 47 in the prepara- 
tion at the time of injection can be ignored. 
The dose contribution by the scandium 47 
produced in the body by decay of the cal- 
cium 47 is included in the dose estimate for 
calcium 47. 

According to Table п, тоо we of pure 
calcium 47 would be a permissible single 
tracer dose, but if accompanied by 18 uc of 
calcium 45 the bone dose would be doubled. 
Accordingly, 1 uc of calcium 45 1s equiva- 
lent to 100/18 = 5.5 uc of calcium 47. It R is 
the ratio of the contaminant calcium 45 to 
calcium 47 in the preparation, the max- 
imum permissible tracer dose (,7) becomes: 


100 
A=— - 
5.5K 


where .7 is in m crocuries of calcium 47. 
As shown in Table т, the value of R in 
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our preparations ranged from 0.02 to 0.33 
uc of caleum 45 per microcurie of calcium 
47 at the end of irradiation. Since most of 
the injections are made 1.5 days later, these 
ratios wil! be increased by 1.25. The cor- 
responding permissible tracer doses for 
these values of R are 33 ис and 89 yc, re- 
spectively. In practice, our tracer doses 
have ranged from 20 uc to 40 uc. Moreover, 
for repeated doses to patients with normal 
life ехрестапсу the highest enrichments of 
calcium 47 have been used (А —0.02), and 
only 20 uc of calcium 47 was given. The 
total calcium 47 equivalent dose (including 
calcium 45) has in all such cases been con- 
siderably less than тоо ис. This dosage 
schedule has left a large safety margin. 

In connection with the possible thera- 
peutic use of the isotopes of calcium or 
strontium in instances where the isotope 
concentrates selectivelv in or around the 
lesion, a comparison has been made and is 
shown in Table ти of the total dose deliv- 
ered in bone and body by calcium 45, cal- 
cium 47, strontium 89, and strontium 865. 
The administered activities required to pro- 
duce a total dose of 2,000 rad in bone have 
been estimated. For this comparison the 
following assumptions were made: that the 
concentration of the radioactive isotope was 
5 times greater in the lesion in the bone 


Tapte III 


TOTAL DOSE COMPARISON FOR BONE-SEEKING RADIOACTIVE ISOTOPES 




















Calcium 45 Calcium 47 Strontium 89 Strontium 85 
| pae Bone | 2,000 Ras 2,000 а 
Total Dose (rad) Healthy Bone 400 430 | 400 8O 
-Bod | о | 40 <i С | ; 320 
Millicuries P 5 38 Se gw 
di for 80% Dose mE 379 | II E 145 Е үй | 





Assumptions: 


1. Concentration ir diseased bone js five times that of healthy bone. 


. Total decay takes place in bone. 
Skeleton 10%% of body. 
. Body weight=7> kg. 


. Bone with lesior = 20%% of skeleton. 


^ e o B 
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than in the healthv bone; that all of the 
decav took placein the bone and nc elimina- 
tion occurred; that 20 per cent of the skel- 
eton was occupied with the lesion; that the 
body weight was 70 kg.; and that the skele- 
ton weight was 7 kg. For purposes of the 
computation the different parts of the body 
were approximated by cylinders of water of 
various dimensions. A bone discribution 
was assumed and the absorption of the 
gamma rays in the water was calculated by 
numerical integration. An additicnal con- 
sideration is the relation of the beta-ray 
ranges to the geometric pattern of the tu- 
mor cells and the sites of isotope concen- 
tration. In the osteogenic sarcomas the 
Isotope is concentrated in the neoplastic 
cells, whereas in the metastatic lesions the 
Isotope 15 concentrated adjacent to the neo- 
plastic cells. In the latter case the beta-rav 
range 15, therefore, an important f: ctor. On 
the basis of low body dose, a reasonable 
half-life as well as the range of its energetic 
beta rays, strontium 89 appears pctentially 
most hopeful for therapy, particularly of 
widespread metastatic lesions. Comtamina- 
tion with strontium go is its major disad- 
vantage, at present. 

On the basis of our localization and ki- 
netic studies, an estimate of the bone and 
bodv dose is being made. This should be 
more realistic than the calculated estimate 
in that it will permit weighting of the local- 
ization of the sources, since the uptake by 
different bones is quite different. and in 
that it will permit allowance for tie elimi- 
nation of the isotope from the body. 


SELECTION OF ENERGY DISCRIMINATIGN FOR 
EXTERNAL COUNTING 

Since it 1s desirable to keep tracer doses 
as small as possible, efforts have been di- 
rected towards finding the most efficient 
counting conditions. This is espeaally im- 
portant in external counting waere the 
background is influenced by radioactivity 
in parts of the body that are not under the 
counter. The considerations applving to 
the total body scanner, described in this 
paper, are reported here, both for the case 
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of automatic scans and for stationary 
counting over selected points. 

Àn investigation of the optimum selec- 
tion of energv discrimination for these two 
different applications has been made to de- 
termine how to obtain the best statistical 
accuracy in a given time for each applica- 
tion. In the first case, the only information 
obtained is the total count rate, including 
the background, at each point. This is to be 
taken as a measure of the net activitv at 
each point. There are two kinds of error to 
be minimized here: (1) the proportion of 
background counts present in the total 
count and (2) the statistical error in the 
total count, of which the standard devia- 
tion is a measure. Expressed as percentages 
of the total count rate, these errors mav be 
written as: 


В | I 
—XI100, апа ——X— —— X109, 
C v 1 ^ 


respectively, where B is the background 
count rate, C is the total count rate of a 
sample including the background, and T is 
the time for which C is measured. 

It is obvious that where the background 
is small compared to the sample count rate, 
the background errors become negligible 
and the major error arises from the statisti- 
cal fluctuation in the sample count rate. In 
such cases the highest statistical accuracy 
in a given counting time is obtained by 
using the discriminator settings which give 
the higest count rate. Thus, integral count- 
ing with minimum discrimination should 
be used. In counting calcium 47, we have 
selected 0.4 mev. as the lowest acceptable 
discrimination for integral counting. This 
is to ensure that no gamma rays from the 
daughter product,scandium 47,are counted. 

At lower net count rates, where the back- 
ground is not negligible, it might be advan- 
tageous to use other discrimination settings 
in order to reduce the error due to the back- 
ground. Consequently, we will now con- 
sider the accuracy which can be obtained 
for samples with integral count rates be- 
tween тоо and $5,000 counts per minute. 


\ 
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lic. 4. Variation of background error and statistical 
error with integral count rate above 400 kev. 


The best ratios of sample net counts to 
background counts are obtained at the 
photopeak. A representative setting of a 
channel wadth of 120 kev. centered over the 
1.3 mev. peak was selected, and will be 
referred to as the differential setting. With 
these particula integral and differential 
settings, the background count rates were 
694 and 39 courts per minute, respectively. 
These were obtained with approximately до 
uc of calcium 47 close to the counter shield 
in order to simulate the presence of radio- 
activity in a patient under study. The net 
count rate of a calcium 47 sample was 3.41 
times larger with the integral setting than 
with the differential setting. For conven- 
тепсе, it was also assumed that the total 
counting time was one minute. Then the 
statistical percentage error and that due to 
the unsubtracted background were calcu- 
lated for both differential and integral 
settings, tor samples with integral count 
rates between 100 and 5,000 counts per 
minute. The results are shown in Figure 4. 
The total integral count rate C, which in- 
cludes the background, is on the abscissa. 
It will be seen that differential counting on 
the 1.31 mev. peak gives a somewhat larger 
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statistical error but a considerably smaller 
background error for this range of count 
rates than integral counting, and 1s there- 
fore the best setting. It is, however, also 
apparent that if the sample gives a total 
integral count rate of less than 1,000 counts 
per minute (a net count rate of 300 counts 
per minute) then even with the differential 
counting technique errors become very 
large. Under such conditions, it 15 necessary 
to subtract the background and use longer 
counting times to obtain a better accuracy. 
'This case is the second application referred 
to above and will now be discussed. 

It can be shown that when the total 
counting time is divided optimally between 
the sample and background measurements, 
the minimum time in which a specified per- 
centage standard error V can be achieved 
is given bv: 


" (тоо)? 
Грея = 





72()2 
V*9 


where 9 is 


C V B. 345 


9 is often referred to as the figure of merit 
of a counter. In Figure 5, 9 is plotted 
against the net integral count rate for en- 
ergies above доо kev., above 1.12 mev., and 
for the differential setting with a 120 kev. 
window on the 1.3 теу. peak. From this it 
will be seen that for net count rates from 50 
to approximately 400 counts per minute 
the differential setting of 120 kev. on the 
1.3 mev. peak is best, while above this rate 
integral counting of energies above 0.4 mev. 
is most advantageous. (This result 1s in con- 
trast to that for a well tvpe counter, where 
the lower photopeak efficiency of the 
smaller crvstal makes integral counting for 
calcium 47 samples better down to the 
lowest count rates.) This determination 
depends on a measurement of the spectrum 
of calcium 47 and that of the background 
spectrum (taken with approximately 40 жс 
of calcium 47 in the vicinity of the counter 
to simulate the presence of a patient under 
studv). Corresponding values of C and В 
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їс. 5. Variation of figure of merit 9 with count rate 
and energy discrimination—for high energy scan- 
ner. 


are calculated for different discrin inations 
and the value of 9 is calculated “or each. 
These graphs cover the range of count rates 
likelv to be of interest in studics where 
tracer doses of about 40 ис of calcium 47 
are given and uptakes of the order of 1-2 
per cent are counted. The sensitivi*v of the 
counter for 
5,000 counts per minute per mi-rocurie, 
integral counting above 0.4 mev., for a 
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lic. 6. Variation of serum specific activity with time 
following intravenous injection of calc um 47 in 
patient with active bone metastases from breast 
carcinoma, 
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source at the focus, and the photofraction 
Is approximately 45 per cent. 

Finally, when external counting is done, 
some undesired contribution to the meas- 
urement тау result from scattered gamma 
ravs. Fortunately, most of the scattered 
radiation 1s eliminated Ьу integral counting 
with discrimination at 0.4 теу. However, 
the complete elimination of scattered radia- 
tion 15 an advantage of differential counting 
at the photopeak. Scattered radiation can 
thus be eliminated not only when differen- 
tial counting is indicated from the previous 


considerations but also when count rates 
are so high that even with differential 
counting a satisfactory accuracy 15 ob- 
tained. 


TREATMENT OF DATA 

Complete kinetic data comprising the 
serial determination of specific activity of 
calcium 47 in serum and measurement of its 
excretion in urine and feces were obtained 
in I8 patients. 

Following the intravenous administra- 
tion of a tracer dose of calcium 47, the 
specific activity of this isotope in serum was 
plotted semilogarithmically as a function 
of time (Fig. 6). The rapid fall in specific 
activity which occurs during the first 24 to 

48 hours represents mixing of calcium 47 in 
a compartment comprising the blood, ex- 
tracellular fluid, and soft tissues, as well as 
à portion of the skeleton which is available 
for rapid exchange with the extracellular 
fluid calcium. This compartment is called 
the exchangeable calcium compartment (А) 
and is expressed in grams of calcium. After 
24 to 48 hours the curve can be approxi- 
mated by a straight line with a slope &. It 
is assumed that this part of the curve essen- 
tially reflects events taking place in the 
exchangeable calcium compartment Æ de- 
scribed above, and that its slope k repre- 
sents the sum of the rates of removal of 
calcium 47 from this compartment by ex- 
cretion and accretion in the constant re- 
modeling and repair of bones. The rate of 
calcium deposition in forming bone is called 
accretion rate (a) and is expressed in grams 


/ 
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per dav. It is assumed at any given time 
that the calcium is deposited at the same 
specific activity as that of serum. It is 
assumed that the accreted calcium does not 
return to the exchangeable compartment 
for several davs. Based on the above men- 
tioned assumptions, Bauer ef a/.^? devel- 
oped a method cf calculation of the size of 
the exchangeable calcium pool (Æ), and the 
rate of accretion (а). Accounting for 100 
per cent of the ac ministered dose of calcium 
47 and considering the rate of its removal 
(k) from the exchangeable compartment 
CE), the following two basic equations may 
be written: 


(1) rec = 4*4+ U* + E* 
(2) kk=atu 


where: //* = per cent of administered cal- 
cium 47 accreted at time /; U* = per cent of 
administered calcium 47 excreted at time 
/ (urine and stook); £* = per cent of admin- 
istered calcium 47 in the exchangeable com- 
partment at time /; E—exchangeable cal- 
cium in grams; ¢=accretion rate in grams 
per day; и =ехсгепоп rate їп grams рег 
dav. Based on the above definitions we may 
write: 


(3) toa Saldi 
t 

(4) Uu | Salt)dt 

(5) E*— EXS() 


where S (£) is the specific activity in serum 
at time /. S,(£) and U* can be measured 
directly and [,(¢)dt can be obtained 
from the serum curve. Substituting equa- 
tions (3), (4), and (5) in (1) and (2) and 
solving for Æ we obtain: 

100 


p= * 
4) SyG)dtA- SS) 


and (а) is then easily obtained from equa- 
tion (2). 
In most of the kinetic studies ıt was 
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found that the curve was linear after the 
second dav and in only two instances was 
there a break in the curve with a decrease 
in the slope after 6 davs. This change has 
been observed bv other investigators? and 
was taken to represent return of radioac- 
tivitv from accreted calcium into the ex- 
changeable compartment. In view of these 
observatioms all of our calculations were 
based on the part of the curve between the 
second and the sixth dav. 

External counting was done in every 
studv and the results were expressed as a 
ratio of the radioactivity measured over а 
given area to a standard point of the skele- 
ton taken to represent normal bone. This 
point was chosen to be the mid-shaft of the 
tibia because it was not involved bv disease 
processes in any of our patients. Wherever 
possible, a comparison also was made with 
a corresponding normal area in the same 
patient. The standard error of these ratios 
was less than 15 per cent. 

RESULTS 

The most significant points of the find- 
ings obtained during this study are given 
below. À more detailed presentation will be 
the subject of a separate paper. An attempt 
was made at correlating the over-all ki- 
netics of calcium in the body and the local 
uptake of calcium 47 with the clinical state 
of tumors involving bone. Table iv is a 
summarv of the kinetic data in all the 
hvpophvsectomized patients with carci- 
noma of the breast who were studied in this 
wav. All these patients were maintained on 
full hormonal replacement. Studies during 
which facters other than hv pophvsectomv 
may have altered the kinetics of calcium 
were excluded. The clinical status has been 
presented in four major categories: the 
“аспуе” bone metastases which showed 
detinite evidence of growth or healing over 
a short period of time; the slowly progres- 
sive bone metastases which showed mini- 
mal changes over periods of several months; 
the static or arrested metastases; and the 
complete absence of metastatic lesions in 
bone. Normal values were obtained from 
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TABLE IV 








HYPOFHYSECTOMIZED* PATIENTS WITH BREAST CARCINOMA 




















T a E Sy(4) 
— No. of 
Clinical Data diet -— е — = 
Patients Ыы 
Mean Range Mean Range Mean Range 
Active bone metastases, 
progressive or healing $ I.I 0.7 -1.5 8.7 7.9-9.5 4.8 3.7- 7.0 
Slowly progressive bone 
metastases 3 O. 42 O.28-0.62 4.4 2.97.0 10.8 б —12.9 
«с pi › 
Static" or arrested bone 
metastases I а Ж чу, 5.6 8.4 
No metastases to bone I o. 28 +O 10.8 
Subjects with no bone dis- 
ease (Bauer et a/.*) 8 0.45 0.36-0.56 6.35 3.9-77.6 








* Including one patient with pituitary stalk section. 
а= accretion rate in gm./day. 
«= exchangeable calcium in grams. 





504) = specific activity in per cent of dose per gram of calcium at 4 days. 


the data of Bauer eż al’ and the averages 
were calculated to be 0.45 gm. of calcium 
per day for the accretion rate (а), and 5.15 
gm. of calcium for the exchangeable cal- 
cium (Æ). Although the number of patients 
given in this table is small, certain observa- 
tions appear to be significant. The accre- 
tion rate was found to be related to the 
degree of clinical activitv of the metastatic 
disease, the value ranging from 0.7 to 1.5 
gm. per dav for the most active and being 
less than 0.6 gm. per dav for the cases with 
less active or static lesions. The value of 
the serum specific activity, $,(4), 4 days 
after the tracer of calcium 47 was given, is 
also listed in the table. The more marked 
the clinical activitv of the bone lesions, the 
smaller this value was. This appears to be 
mainly the result of the increased rate of 
removal of the isotope from the extracellu- 
lar fluid by the bone, but is, of course, also 
affected by the excretion rate. No correla- 
tion of the clinical state or the accretion 
rate with the value for the exchangeable 
calcium pool was apparent. We may con- 
clude from the above data that metastatic 
lesions in bone mav affect the kinetics of 
calcium turnover in the body. 

More precise information about the local 
events concerning the turnover of calcium 
in areas of bone tumor was obtained bv 


external counting and confirmed bv auto- 
radiography of bone samples. In Figure 7 
the result of external counting over an 
osteogenic sarcoma § hours after the ad- 
ministration of a tracer dose of calcium 47 
is shown. А definite peak of radioactivity is 
noted over the tumor as compared to ad- 
jacent bone. Figure 8.7 is a photograph of 
the exarticulated femur, Figure 8 an auto- 
radiograph and a roentgenogram of a longi- 
tudinal slice of this bone. Marked concen- 
tration of the isotope has occurred in the 
tumor, leaving a free spot in its center. This 
spot is an area in which calcium is not in a 
dynamic state, probably due to necrosis. 


N.B. 9 12 OSTEOGENIC SARCOMA OF FEMUR 


no + о 


RATIO: RIGHT/LEFT 


O 


Fic. 7. External detection of local deposition of cal- 
cium 47 in patient with osteogenic sarcoma, ex- 
pressed as ratio of activity of corresponding points 
in right and left lower extremities. 
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Fic. 8. (4) Longitudinal cut of right femur with osteogenic sarcoma in the lower end. (B) Autoradiograph 
(left) and -oentgenogram (right) of 3 mm. thick longitudiral section of bone shown in 4. 


This is substantiated by a tissue alkaline 
phosphatase value of 21 units per gram and 
an ash weight of 19.8 per cent of wet 
weight. A sample from the peripheral part 
of the tumor—corresponding to the black 
area of the autoradiograph— gave an alka- 
line phosphatase value of 60 units per gram 
and an ash weight of 8.3 per cent. 

High ratios of calcium 47 deposition were 
observed not orly in primary bone tumors 
but also in tumors involving bone by me- 
tastasis. In this category, breast carcinoma 
has been studied more extensively than 
other malignancies and in Table v are 


given the ratios of the calcium 47 activity 
measured over areas of the skeleton in. 
volved Ьу metastases from breast carci- 
noma to that measured over the uninvolved 
tibia. In this table are listed all the patients 
who had metastases in a dynamic state, 
either hecling or growing, as judged by 
objective criteria.’ The average accretion 
rates for -he hypophysectomized patients 
have beer given in Table 1v, and in the 
cases of p: tients B.C. and J.B. these values 
were 2.3 gm. and 4.9 gm. per day, respec- 
tivelv. This group is compared to another 
one without detectable bone abnormalities. 
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Table v shows the results of courting over 
the head and over the second lum ar verte- 
bra, areas which in many of thc patients 
were involved bv disease, and over which 
the counter could be placed wita reason- 
able precision. It is apparent that over most 
of these lesions abnormally high calcium 
47 activity ratios reaching up to 5 times 
the normal values were detected. Some 
areas of metastases in these patients 
(M.H. and L.].) did not exhibit this fea- 
ture, either because the biologic state of 
metastatic tumor тау vary from one area 
to another, or because the equipn ent pres- 
ently used is not adequate enough to detect 
small variations in isotope concentration. 
In this table are also given the -esults of 
external counting in one patient with 
Paget's disease. Calcium 47 deposition 
ratios over diseased bone in -his case 
reached approximately 15 times the normal 
values. 

Confirming the above findings in bone 
metastases from breast carcinonaa is the 
correlation between the uptake of radio- 
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active calcium-—as shown by autoradiog- 
raphy—and external counting which was 
noted in the case of patient К.К. This pa- 
tient received three tracer doses of calcium 
47 at one month intervals and expired ap- 
proximatelv one and a half months follow- 
ing the last dose. During this whole period, 
the metastatic disease progressed steadily 
culminating in her death. At autopsv, an 
autoradiograph of a section of her lumbar 
spine approximately 3 mm. in thickness was 
prepared. A photograph of the section is 
shown in Figure 9/7; the dark areas show 
normal spongy bone with red marrow; the 
light areas show metastases. Figure 9B is 
the autoradiograph. The general corre- 
spondence of the uptake of calcium with the 
tumor involved vertebra can be seen. In 
this patient the ratio of counts over the 
diseased vertebra to the counts over the 
uninvolved tibia was more than twice nor- 
mal. 

Further investigation of the local kinet- 
ics of calcium was made possible by serial 
external counting. This yielded information 


TABLE V 


RATIO OF EXTERNALLY MEASURED CALCIUM 47 ACTIVITY OVER SKULL AND IN SECOND 
LUMBAR VERTEBRA TO THAT IN TIBIA 








Patients with Bone Lesions 








Site of Measurement 









































Patient Clinical Data Skull 1 Vertebra 
R.K. Hypophysectomy, breast cancer (progressive metastases) 9 7 
LA; Pituitary stalk section, breast cancer (progressive metastases) 15 IC 
M.H. . Hypophysectomy, breast cancer (healing metastases) 2 8 
Is]. Hypophysectomy, breast cancer (progressive metastases) 2 4 
KH. Hypophysectomy, breast сапсег (progressive metastases) 3" 7 
B.C. Adrenalectomy, oophorectom-, breast cancer (progressive metastases) 4 15 
T. B. Paget's disease (progressive lesions) 40 3 

Patients without Bone Lesions Site of Measurement 

Patient Clinical Data Skull Lə Vertebra 
S.l. Hypophysectomy, breast cancer 5 4 
E.D. — Normal subject 2 3 
H.D Breast cancer I 3 
M.W. Prostate cancer, orchiectomy 3 3 
K.G Diabetes, hypophysectomy 2 3 








* No lesion 
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Fic. 9. (4) Longitudinal section of lumbar vertebrae obtained at postmortem examination of a patient 
with breast carcinoma metastatic to bone. Dark and light areas represent normal spongy bone with red 
marrow and tumer involved bone, respectively. (B) Autoradiogreph of 3 mm. thick bone section shown 


in Z. 


on the concentration of calcium 47 in a 
given area of the skeleton as a function of 
time. Two of the most detailed studies were 
on patients L.H., and A.F., both having 
breast carcinoma with actively progressing 
metastases to bones. The midshaft of the 
right tibia, the right patella, and the left 
frontal bone were counted serially following 
the administration of the isotope tracer. АП 
these points were free of metastases except 
for a lesion in L.H.'s frontal bone. The 
results, illustrated in Figure 10, indicate a 
rapid high uptake of calcium 47, which 
continued to increase for several days in 
the diseased area up to approximately то 
times the value obtained in the correspond- 


ing uninvelved bone. Counting over unin- 
volved areas of bone shows that the con- 
centration of radioactivity approaches 
one-third to one-half of its maximum value 
within a few minutes of the injection. 
Owing to its short half-life, iz has been 
possible to use calcium 47 in sequential 
studies in a given patient at relat vely short 
intervals. The purpose of such repeated 
tests was to determine how variation in the 
over-all kinetics of calcium in the body and 
in its local deposition correlatec with the 
course of bone metastases with treatment, 
or with other factors affecting calcium me- 
tabolism. The type of data which may be 
obtained under such conditions is illus- 
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Fic. то. Comparison of external counting over nor- 
mal and diseased areas of bone following intra- 
venous injection of calcium 47. 


trated in the case of patient IH. This 
woman with breast carcinoma underwent 
pituitary stalk section and her course fol- 
lowing the operation indicated taat a re- 
mission was taking place in the progression 
of her bone metastases. This -emission 
lasted for about one year when ler meta- 
static disease reactivated. Severa. calcium 
47 studies were conducted at various inter- 
vals following the pituitary stalk section. 
Figure 11 illustrates the change which oc- 
curred in the time dependence ct specific 
activity of calcium 47 in the serum during 
the interval between the first two studies. 
The first was performed опе month follow- 
ing operation. At that time the patient was 
hypothyroid as shown by low serum pro- 
tein bound iodine level. She was maintained 
оп 37.5 mg. of cortisone daily Бит received 
no thyroid replacement. The seccnd study 
was done three months after operation after 
the patient had been placed on thyroid re- 
placement for two months. Intravenous 
calcium loading was done during tae fourth, 
fifth and sixth days of this study and 
showed a marked positive calcium balance. 
During the first study the accretion rate 
was calculated to be 0.36 gm. per day, a 
normal value, while external counting 
ratios Over areas of metastases were ap- 
proximately 3 times normal. The second 
study revealed an accretion rate cf 2.5 gm. 
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of calcium per day, a value 5 times greater 
than the average normal rate with external 
counting showing no significant. changes 
over the previous values for the areas 
counted. Due to technical difficulties onlv 
two areas were counted. In view of the high 
accretion rate, it is quite possible that other 
areas had an even higher calcium 47 activ- 
ity. It is known that thyroid function af- 
tects the accretion rate in normal Бопеѕ,! 
its value being low in myxedema and high 
in hyperthyroidism. Studies in this patient 
suggest that thvroid function may be an 
important factor for the optimal healing of 
bone metastases. However, no definite con- 
clusion in this respect can be drawn from 
this study since other factors which may 
have influenced the kinetics of calcium are 
the intravenous calcium load, or also the 
rate of repair of these lesions which may 
increase with time. This latter effect would 
increase the concentration of calcium 47 in 
the diseased areas of bone and the accretion 
rare. 


Louse Н.Ф 45, breast carcinoma, pituitary stalk section 
100 
————— 
TO e l month post pituitary stalk section | 


no thyroid replacement-P8I 21 2/100сс 
О 3months post pituitary stalk section 
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Fic. 11. Variation of specific activities in serum fol- 
lowing intravenous injection of calcium 47 in dif- 
ferent clinical states of a patient with bone metas- 
tases. 


The third test with the patient hypothy- 
roid and the fourth when she was again 
euthvroid were conducted approximately 
one vear follow:ng pituitary stalk section 
when her metastatic disease had re-ex- 
acerbated. During the third tracer study 
the accretion rate was calculated to be 1.0 
gm. per day, and during the tourth to be 
1.5 gm. per day. External counting ratios 
(Table v) reaching 5 times normal over 
areas of metastases were noted in both 
these studies. 

Another patient (M.H.), a forty-nine 
vear old woman with breast carcinoma 
metastatic to bones, was studied prior to 
hypophysectomy at a time when her bone 
lesions were progressive. She was again 
studied two and a half months after hypo- 
phvsectomy. At that time she was con- 
sidered to be in remission on the basis of 
regression of measurable lesions апа was 
maintained on 27.5 mg. of cortisone daily 
but received no thyroid replacement. Her 
protein bound iodine determined twice dur- 
ing this period was 3.9 and 4.4 ug. per cent. 
The first test revealed an accretion rate of 
1.4 gm. per 24 hours and an exchangeable 
calcium pool value of 5.8 gm., while during 
the second studv the accretion rate was 
calculated to be 1.5 gm. per 24 hours and 
the exchangeable calcium pool 8.8 gm. 

The sequential observations described 
above appear to indicate that a high accre- 
tion rate occurs during the healing as well 
as during the progressive phase of metas- 
tases. The sigmf cance of variations in the 
size of the exchangeable calcium pool is not 
clear, and will have to be investigated fur- 
ther. The effect of hormonal and metabolic 
changes is not defnite from these data and 
more serial studies will have to be made. 

Other types of bone lesions have been 
investigated in patients with metastases 
from carcinoma of the prostate, of the thy- 
roid, of the bronchus, and in patients with 
multiple mveloma, with primarv bone tu- 
mors, and with idiopathic osteoporosis. 
Since most of these were isolated cases, it 
was not possible to draw any general con- 
clusions regardirg each category of disease 
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involving bone. It was again found that 
metastases to bone as well as primary bone 
tumor may concentrate calcium 47 selec- 
tively as compared to normal bone. More 
information will have to be obtained before 
any statements about patterns of calcium 
47 kinetics and local deposition in various 
diseases affecting bone may be made. 
Improvement in the detector used for 
external counting will also permit more 
accurate estimates of the uptake and turn- 
over rate cf this isotope in the skeleton. 


IMPROVED EXTERNAL DETECTION 


As indicated above in "Materials and 
Methods," the uptake and scanning ap- 
paratus was designed for the much lower 
energy gamma rays of iodine 131, and, 
although some shielding was added, both 
the crystal and shielding were not adequate 
for the maximum utilization of the calcium 
47 gamma rays. 

The data plotted in Figure 12 illustrate 
the inadequacy of the shielding on conven- 
tional iodine 131 scanners for the external 
localization of isotopes which emit high 
energy gamma rays. In the case where a 
focusing cellimator is not used, the spatial 
resolution is even less satisfactory. The fact 
that calcium 47 1s localized in specific areas 
to a much lesser degree than is iodine 131 in 
the thvroic adds to the relative difficulty in 
Its accurate external measurement. 

In order to utilize fully the advantages of 
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Fic. 12. Resclution for iodine 131 and calcium 47 of 
commercia! scanner with 5 cm. focal length col- 
limator. 
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13. Whole body scanner for high energy 
gamma emitters. 


Fic. 


the high energv gamma ravs of ca cium 47, 
zinc 65 and other energetic gamma-ray 
emitters in studies of their metabolism, a 
new scanning svstem!! has been designed 
and constructed. The region scanned is 6 











feet by 2.5 feet in a horizontal plane, and a 

more limited vertical plane can also be 
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Fic. 14. Design of detector head of hgh energy 
scanner. Collimator, inner tungsten shield, outer 
lead shield, and crvstal location are shown. 
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scanned. Two scanning heads were de- 
signed: one to move above the patient on 
an elevated track, and the other to move 
below the patient on a floor-mounted track. 
The scanner has been placed in operation 
with only the upper unit completed. A thin 
lucite platform supports the patient and is 
easily removed when a bed or stretcher 1s 
preterred. The scanning head moves with 
either continuous or step-wise motion. The 
speed can be adjusted from 0.1 cm./sec. to 
IO cm./sec. in orthogonal directions: in the 
horizontal plane. The vertical position of 
the head is also controlled by motors, and 
it can also be rotated through a complete 
hemisphere. A photograph of the scanner 
after construction in our shop is shown in 
Figure 13 

А 4 inchX4 inch crystal is mounted in 
the head with a 51 inch diameter photo- 
multiplier tube. The crystal and tube are 
surrounded with a combination lead and 
tungsten shield 12 inches in diameter. A 
focusing collimator of tungsten (density = 
17.6) with 19 holes with a focal length of 
7.7 cm. beyond its face is employed. The 
weight of the collimator and shield assem- 
bly is боо pounds. A cross section drawing 
of the detector head assembly is shown in 
Figure 14. A linear amplifier, single channel 
pulse height analyzer, and decade scaler 
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Fic. 15. Variation of count rate with distance for 
cobalt 60 point source on axis of tungsten focus- 
ing collimator. 


VoL. 85, No. $ 


ire used to accumulate the pulse counts 
before printing. 

The data are displaved with a unique 
system which permanentlv records all of 
the information received by the crystal. 
The distance between counting positions 
may be adjusted trom 3/16 inch to 3 inches 
and the time interval may be adjusted from 
г second up to бс seconds. A specially built 
electrical output-writing typewriter prints 
the counts accumulated at each position at 
a corresponding point on a roll of paper 2 
teet wide. A 3 d:git print-out is employed 
with the use of two-colored ribbon with 
shift to accommodate large numbers. 
Identifying marks are also printed as de- 
sired to identifv any particular count. The 
synchronization between the scanner head 
and print-out position is accomplished by 
having the motion of the typewriter car- 
таре driven by synchromotors which are 
controlled by the motion of the scanner. 

The spatial resolution attained with the 
new scanner 1s illustrated in Figures 15, 16, 
17, 18, 19, and 20. The data in Figure 
15 were obtained with a point cobalt бо 
source located on the axis of the crystal and 
collimator at the indicated distances from 
the end of the collimator. These data were 
taken with differential counting of the 1.33 
mev. gamma ray, and also with integral 
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“1G. 16, Resolution of tungsten focusing collimator 
for iodine 131 and cobalt 60. Widths at half height 
are 0.9 cm. and 1.3 cm., respectively. 
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Fic. 17. Resclution of tungsten focusing collimator 
for calcium 47. Width at half height is 1.1 cm. 


counting above 400 kev. The effect of poly- 
styrene scattering medium 15 also illus- 
trated. 
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Fic. 18. Isocount curve of tungsten focusing col- 
limator for iodine 131— point source in air. 
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Fic. 19. Isocount curve of tungsten focusing col- 
limator for calcium 47— point source in air. 


The data in Figure 16 illustrate the reso- 
lution in the focal plane normal to the axis 
of the crystal and the tg hole tungsten 
collimator. Point sources of iodine 131 and 
cobalt бо were employed with citterential 
counting on their photopeaks. Tae widths 
at half-height are о.9 cm. and 1.3 cm., re- 
spectively. Figure 17 contains the data 


obtained similarly with a point source of 


calcium 47. These data demonstrate a con- 
siderable improvement over the resolution 
shown in Figure 12. It should also be noted 
from Figure 16 that whether the gamma 
ravs are energetic or not has little influence 
on the resolution in contrast to the results 
shown in Figure 12 obtained with a con- 
ventional scanner. 


Figures 18, 19, and 20 show the isocount 


curves of the collimator for point sources of 
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iodine 131 in air, and of calcium 47 in air 
and in polystyrene. The effect of a higher 
energy source on the isocount curves is 
most noticeable in the broadening of the 5 
per cent contours. The widths of these for 
iodine 131 and calcium 47 in the focal plane 
in polystyrene are 2.0 cm. and cm., 
respectively, whereas the corresponding 
widths of the 50 per cent contours are 0.95 
and 1.15 cm. It will be noted from a com- 
parison of the isocount curves in air and 
polystyrene (Fig. 19 and 20) that the posi- 
tion of the 100 per cent point is shifted 
about § mm. nearer to the collimator face 
when the source is in polystyrene but that 
the width of the 50 per cent contour in the 
tocal plane is not significantly changed 
whether the source is in air or in polysty- 
rene. 

The high energy scanner will be em- 
ploved in further studies of the metabo 
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lism of calcium 47, and of other isotopes 
which emit high energv gamma ravs. 


DISCUSSION 


Calcium 47, a newly available radioac- 
tive isotope of calcium appears to be an 
ideal tracer for studies both tor determina- 
tion of the over-all kinetics of calcium in 
the body and through external counting of 
the sites of its local deposition in the skele- 
ton. 

Such tracer studies have shown that tu- 
mor involving bone may affect the over-all 
kinetics of calcium in the body. This may 
be the result of selective rapid uptake of 
calcium by the bone in and around the tu- 
mor involved area. It may also result from 
а systemic effect of the tumor affecting the 
whole skeleton similar to that described in 
rats following fractures." 

While the accretion rate seems to bear a 
relation to the dynamic state of the bone 
iesions, no such relationship was observed 
tor the exchangeable calcium pool. 

The external counting data were ex- 
pressed in terms of ratio of activity over а 
ziven area to the shaft of the uninvolved 
tibia in the same subject, since this proved 
то be a good wav of expressing selective up- 
take of the isotope by a lesion as compared 
го healthy bone. With the counter used in 
this study, a relatively large and variable 
amount of normal bone was probably 
counted together with the tumor site. 
Therefore, there is a possibility that the 
tumor ratios would have been much larger 
m many cases had better collimation been 
used. The newer equipment which has been 
described will render possible more precise 
scanning of lesions and uptake measure- 
ments. 

High external count ratios were found 
ever tumor involved areas of bone, reflect- 
ing the relative local turnover rate of cal- 
cium rather than the actual amount of this 
element in such areas, since high values 
were found in both osteolvtic and osteo- 
blastic lesions in various tumors. Auto- 
radiographs of bone samples have con- 
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firmed the findings Ьу external counting. 

It is also of interest to note that high 
external count ratios mav occur in the 
presence of a normal accretion rate as in the 
case of patient L.H. This is not inconceiv- 
able if it is kept in mind that high ratios of 
calcium 47 deposition do not necessarily 
represent large amounts of the isotope, but 
represent z high uptake rate relative to 
that in another bone of the body. 

Sequential studies have been made more 
feasible with this isotope and will be of use 
in following the course of a given lesion as 
well as in planning and evaluating therapy. 
It is possib e that lesions not detectable bv 
roentgenography will be detectable by ex- 
ternal counting after the administration of 
à tracer dase of calcium 47, using the re- 
centlv developed equipment. 

The infcrmation obtained through ex- 
ternal counting may have another applica- 
tion in bone tumors. It may serve as a foun- 
dation upon which the potential of treat- 
ment of camcer disseminated in bone, using 
bone-seekirg isotopes, mav be evaluated. 
The ratio of the calcium 47 deposition in 
tumor areas relative to normal bone and 
the proportion of the skeleton which is 
involved by the malignant process are data 
upon which the therapeutic dose of a bone- 
seeking tsocope тау be calculated. Until 
now, iodine 131 and phosphorus 32 have 
been the pr mary isotopes used in the treat- 
ment of disseminated metastases in bone." 
Phosphorus 32 has been shown to be de- 
posited in high concentration in primary 
bone tumors which are laying down min- 
eral.” [t 1s also taken up bv the blood form- 
ing cells of the bone marrow, and the result- 
ing marrow depression severely limits the 
dose of P* which may be administered 
safelv. Certain types of thyroid cancer re- 
tain the capacity of the normal thyroid to 
concentrate iodine, and metastases in bone 
from tumors of this type have been treated 
with Г?! with good results. Isolated reports 
ot treatment of bone metastases with stron- 
tium 89? and calcium 45! have been based 
on single cases and the value of such treat- 
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ment is not established. Moreover, the 
choice of the therapeutic dose was arbi- 
trary. The use of calcium 47 tracer studies 
will afford a better basis upon which this 
dose can be calculated. On the basis of such 
calculations it appears that, of the available 
calcium and strontium isotopes, strontium 
89 would be the more suitable or thera- 
peutic purposes. Such treatmen- has not 
vet been attempted bv us. 


SUMMARY 

Physical aspects of a newly available 
radioactive isotope, calcium 47, have been 
presented together with details and prob- 
lems of its production and assay. Its ener- 
getic gamma-ray spectrum and snort half- 
life make it very useful for саіскит meta- 
bolic studies. Dosimetricconsiderations with 
regard to tracer dose magnitude, as well as 
in the therapeutic use of bone-sesking iso- 
topes have been discussed. Statistical 
criteria which indicate the preferred energy 
discrimination conditions of counting have 
been developed. 

Kinetic and external counting studies 
using tracer doses of calcium 47 were con- 
ducted in patients with a variety of bone 
lesions. 

The time dependence of the calcium up- 
take in normal and tumor involved bone in 
2 patients has been illustrated. It was found 
convenient to express external counting 
results as ratios of calcium 47 uptake in a 
given area to the uptake in the mxl-shaft of 
the tibia. Various levels of relative calcium 
47 deposition were found over bone lesions 
and were compared to corresponding areas 
in patients without detectable bor e disease. 

A correlation was demonstrated between 
external counting results and :utoradio- 
graphs in one patient with a primary bone 
tumor (osteogenic sarcoma) as well as in 
one patient with a tumor metistatic in 
bone (from breast carcinoma). 

The accretion rate and size ef the ex 
changeable calcium pool have been listed 
for то" hypophysectomized patients with 
breast carcinoma. TThe"accretion rate was 
found to be elevated in patients whose bone 
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metastases were clinically active. 

A whole body scanner has been designed 
in order to improve and extend the clinical 
uses of calcium 47. The clinical applications 
of calcium 47 studies have been discussed. 


K. R. Corey, M.S. 
Division of Biophysics 
Sloan-Kettering Institute 


Memorial Center 
New York 21, New York 
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GORDON F. JOHNSON, M.D., and LAWRENCE R. JAMES, M.D. 


OMAHA, NEBRASKA 


REVIOUS to the utilization of nuclear 
energy for the destruction of mankind, 
many scientists had explored гле benefi- 
cent use of this force. The in ormation 
laboriously gathered by people such as 
Röntgen, Curie, de Hevesy, Bohr, Law- 
rence and may others was svscematized 
into a new science—atomic phvsics— with 
application to all of the physical sciences. 
The medical sciences have been stimu- 
lated by this new science. The principal 
utilization so far has been throuch the use 
of radioisotopes. Much of the earlier clini- 
cal work was performed with the aid of 
isotopes with short half-lives, produced by 
a particle accelerator. Later, clinicians 
preferred to use those with a medium half- 
life which could be ordered fror distant 
places, assayed and purified by pharma- 
ceutical houses, and shipped without hav- 
ing the product decay bevond usefulness. 
In general, the shorter the hal--life, the 
less total integrated dose will be c elivered. 
The dose of radiation as with therapeutic 
or diagnostic drugs, should be aeld to a 
requisite minimum. Thus, the use of short 
halt-life isotopes is recommended and is 
feasible in the vicinitv of a nuclea- reactor. 
Radioisotopes are employed to trace 
inorganic and organic metabolites iv vivo, 
to find deposition of elements in -issue, to 
study flow-rate dynamics in vive and in 
vitro, to perform dilution studies, and to 
therapeutically destroy patholog c tissue. 
Nuclear energy can be applied to medi- 
cal sciences in other ways, e.g., neutron 
activation analysis. A brief statement 
about the equipment necessary to accom- 
plish this туре of analvsis seems impor- 
tant. 
Many sources, such as radium-bervl- 


lum and plutonium-beryllium, have 
been used to produce a nettron flux. 
These, in general, have not produced а 
sufficient flux to activate many elements. 
Cyclotrons are employed to advantage in 
this capacity. Nuclear reactors have been 
utilized in the past, but have presented 
three problems—safetv, expense, and 
operational difficulties—which have cur- 
tailed their value in medical research. The 
types used for activation analysis of bio- 
logic tissue have been designec. for other 
purposes, and most of them, because of 
the heat created, require an ashed speci- 
men for irradiation. Recently, these diffi- 
culties have been overcome. Following is 
a summary of the requirements of a re- 
actor, useful in neutron activation analy- 
SIS. 

The characteristics of a naclear re- 
actor must include operational safety and 
protection from the radiation of its by- 
products. To be operationally safe, it must 
be as accident proof as possible—an acci- 
dent 1s any event which could endanger the 
reactor, institution, or personnel. If an 
unlikely accident occurs, it must be readily 
detectable, easily confined, and readily 
correctable. Sufficient shielding is a neces- 
sary safety factor to protect personnel 
against neutron, gamma and beta radia- 
tions emitted from the core of the reactor. 
The moderator of the reactor must be of 
such composition that, if contaminated by 
the fuel, it will not present diffculties in 
decontamination or removal. The moder- 
ator must be incapable of contaminating 
the surrounding areas, 7.e., subsoil, etc. 
The fuel elements, in case of leaks or 
breaks in their cladding, should be acces- 
sible for easy removal and change. The 


* From the Radioisotope Service, Veterans Administration Hospital, Omaha, Nebraska. 
Presented at the Sixty-first Annual Meeting of the American Roentgen Ray Society, Atlantic City, New Jersey, September 27-30, 
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fuel should be so fabricated that a “run- 
away’? would be impossible. The reactor 
must be so constructed that, if all of the 
avalable excess reactivitv is suddenly 
introduced, however inadvertentlv, the 
reactor must shut itself down with no 
resultant damage to the reactor or to the 
surroundings. This shutdown must be 
brought about through the action of in- 
herent phvsical phenomena within the 
reactor core, rather than through the ac- 
tion of some superimposed electronic or 
mechanical means. The reactor should be 
so safe that it тау be placed within the 
confines of an existing building and not be 
hazardous to occupants or personnel en- 
gaged in its operation. 

The reactor, to be practical for medical 
research, must provide a flux of thermal 
neutrons in the range of то! to r0! n/cm.?/ 
sec. It must be so arranged that a number 
of biologic specimens may be placed with- 
in the area of optimal neutron flux. It 
should be desigaed so as to allow use of its 
flux for isotope production. The intensity 
of neutrons shculd be of such magnitude 
that poisoning by target materials will 
not present a problem. All specimens and 
other target materials should be acces- 
sible. A major criterion is that the ambient 
heat derived from nuclear fission should 
be controlled »v refrigeration, or other 
measures, to inhibit thermal degradation 
of biologic spec: mens. 

The nuclear reactor must be designed 
for safe, easv maintenance and should 
allow for the possibility of increasing 
power bv simple addition of fuel elements. 
Qualified personnel required to operate 
the reactor should be of a minimum con- 
sistent with over-all safety and efficiency. 
Specialized training of 2 or 3 professional 
persons should be available at minimum 
expense. Further training of reactor per- 
sonnel, then, cculd be fulfilled by a local 
training program. 

Maintenance cost of a reactor should be 
small. Theoretically, the fuel elements 
need not be replaced for ten to twenty 
years, and their life should be dependent 
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Fic. І. Cross section of TRIGA reactor. 


upon corrosion of their containers, not 
upon the loss of energy. When the useful- 
ness of the reactor is considered, the over- 
all cost of such an instrument should be 
moderate. A prototype of this reactor 
should be adequately tested prior to use 
to ensure its compliance with the afore- 
mentioned specifications. These require- 
ments are met by our ТКІСА* reactor 
Mark I (Fig. 1, 2 and 3). 

The addition of this powerful tool in the 
measurement of elements within various 
tissues of a biologic svstem is, we feel, 
essential to our ultimate understanding of 
the role of metals and metal complexes 
within the human organism. Following a 
brief deseription of neutron activation 


* Training, Research, Isotope, General Atomic—developed by 
General Atomic Division, General Dynamic Corp., San Diego, 
California. 
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analysis are more detailed examples of the 
use of this technique. 

Neutron activation analysis is a quali- 
tative and quantitative method of meas- 
urement in which elements, bombarded 
by a known flux of neutrons, become ra- 
dioactive and their radiation spectra char- 
acterized and measured. The quantity of 
radioactive element produced is depend- 
ent upon the concentration of the original 
element present and upon the length of 
time it 15 bombarded by neutrons. The 
isotope produced has radiations with char- 
acteristic energies and halt-life. By select- 
ing the appropriate length ог time for 
bombardment and bv analvsis of the 
radiation energy, one can quantitate with 
extreme accuracy the original amount of 
the element present (Fig. 4). 


TECHNIQUES AND METHODS 


The element, compound, or biologic 
tissue to be analyzed is placed into a 
thoroughly washed polyethylene sample 
tube ‘Fig. 5). This is lowered into the 
reactor (Fig. 6) and the position in the 
соге 15 recorded (Fig. 7). After appropriate 
bombardment time, the sample s removed 
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Fis. 3. Fuel element assembly. 
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Fic. 4. Schematic presentation of neutron activation. 


(Fig. 3), and then either sent to the 
radiochemical! laboratory or placed into a 
suitable counte- attached to a multichan- 
nel analyzer. 

In our laboratory the basic chemical 
separation techaiques are gravimetric, топ 
phoretic, titrametric, and column chro- 
matographic. 

The radiometric examination com- 
monly used is to distinguish major gamma 
photopeaks on the multichannel analv- 
zer.* The energy curves can be visually 
seen on the cscilloscope (Fig. 9) and 
printed on tape or a graph. The complex 
energy curves of a mixture of isotopes can 
be laboriouslv stripped one from another 
bv comparison with known standards. 
From these daza, qualitative and quan- 
titative values mav be ascertained of the 
elements withir the sample. Quantitation 





* We are indebted to КІРІ. for use of a 10o-channel analyzer 
in this program. 
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Fic. 5. Loading sample tube. 
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Fic. 6. Lowering sample into reactor. 


of mixtures of more than three racioactive 
elements in a given target is difficult. 
Separation of radioactive elements into 
groups can be accomplished Ьу changing 
irradiation and decay times before analv- 
sis. If one is interested in analvsis for 
short-lived sodium, the material is irradi 
ated within the reactor for ten to thirtv 
minutes and immediately analvzed. If one 
15 concerned with long half-life isotopes 
only, the material is irradiated in the re- 
actor for a long period, removed, and the 
short and medium half-life isotopes are 
allowed to decav before radiometric anal- 
vsis Is done. 


COMPARISON OF TECHNIQUES 


Neutron activation analysis is well 
suited to elemental microanalysis in the 
biologic sciences. It possesses several ad- 
vantages over other methods: (1) elimi- 
nates the necessity of introducing radia- 
tion into the subject, (2) requires virtually 
no preparation of ina di (3) makes pos- 
sible analvsis of minute samples of almost 
any shape, liquid, or solid, (4) is nonde- 
structive in a chemical sense, and (5) does 
not require "blank" controls. 
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This technique in medicine has been 
restricted due to the limited accessibility 
of a neutron source and by the degrada- 
tion of biologic specimens caused by the 
extreme heat generated in the majority of 
current types of reactors. These limita- 
tions and certain other restrictions, for- 
merly imposed upon activation analysis, 
are now eliminated. Such restrictions as 
self-absorption of high cross section for 
neutron capture target material or self- 
absorption of the radiation within the 
target materials, when being analyzed, 
may be overcome bv adjustment of the 
sample geometry to present a lesser phys- 
ical cross section in the direction of acti- 
vation source of the detector. Also, with 
the employment of radiochemical separa- 
tory techniques, activation analysis can 
be performed now on practically the en- 
tire chart of the nuclides. 

These chemical procedures have, in a 
way, placed a limitation upon this tech- 
nique. With the advent of electronic im- 
provement in the design of detectors and 
the multichannel analyzers, many radio- 
metric analyses can be performed on mix- 
tures of elements within samples. Radio- 
chemical separation of the isotopes is a 
sound technique but it does suffer several 
disadvantages. It is time consuming, 
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7. Indexing sample in the reactor. 
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fraught with possible technical errors, has 
incomplete vield, and usually destrovs the 
sample through chemical manipulation. 
Chemical sepa-ation of elements with 
verv short halt-lives is often 1mpossible. 
Radiometric aralvsis has overcome this 
limitation with such devices as conven- 
tional gamma scintillation spectrometry, 
anticoincidence gamma spectrometry, dif- 
ferential absorption data measurements, 
irradiation and decay time differential, and 
thin-window beta counting by scintilla- 
tion methods which discriminate against 
gamma radiatioa to a degree. Another tech- 
nique is the absorption of gamma radiation 
with sufficient thicknesses of lead between 
the sample and the detector, and then de- 
flection of the beta radiation around the 
lead shield by magnetic fields. 

Borg? has pointed out a new and novel 
way of increasing the sensitivity of count- 
ing radiation of one radioactive isotope in a 
complex mixture of elements. This new 





Fic. 8. Removing sample. 
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Fic. 9. roo-channel analvzer. 


method is to selectively irradiate the sam- 
ple contaiaing the element of interest with 
resonant, monoenergetic neutrons which 
possess energy that is in resonance for a 
high neutron capture of the element under 
consideration. He points out that radio- 
activation bv a flux rich in 300 ev. neutrons 
would thereby favor manganese reactions 
over those of sodium. He carefully shields 
his samples with a boron carbide shield sur- 
rounded Еу cadmium which enhanced the 
activation of manganese in tissue by mono- 
energetic neutrons. 

А new orm of radiometric analysis for 
biologic tssue will be presented following 
some of tae present and proposed uses of 
neutron activation in the medical sciences. 
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We feel that this tvpe of analvsis will obvi- 
ate many of the previous limitations to this 
method and overcome the bottleneck of 
analyzing a large number of samples from a 
nuclear reactor. 

Work that has been accomplished by 
neutron activation analvsis demonstrates 
that this method gives as good, if not 
better, accuracy and reproducibility as 
other commonly used techniques. With cer- 
tain elements, this is the only applicable 
technique. 


CLINICAL CONSIDERATIONS OF NEUTRON 
ACTIVATION ANALYSIS 


The early and continued work of Tipton 
et al. in determining the concentration 
and distribution of stable elements within 
the normal human bodv, has led scientists 
to re-evaluate the role of trace elements in 
normal and diseased states. 

Berryman? and Schroeder" have sum- 
marized the possible metabolic activities of 
trace metals and their relationship to dis- 
ease states. Such metals as manganese, co- 
balt, copper, and zinc have definite roles in 
maintenance of health. Their entire meta- 
bolic pathways have not been thoroughly 
elucidated as yet, principally because finite 
methods of measurement have been lack- 
ing. Other metals such as molybdenum, 
rubidium, strontium, barium, vanadium, 
chromium, nickel, and aluminum might 
well have normal functions in metalloenzy- 
matic reactions. 

Leddicotte e al." report on the quantita- 
tive determination of trace elements in ani- 
mal tissues. This excellent summary dis- 
closes that cerium 75, tellurium 131, copper 
64, sodium 24, arsenic 76, manganese 56, 
potassium 42, rubidium 86, and cesium 134 
were positively identified in animal tissue; 
silver 110 and bromine 82 were probably 
present. 

Chronic diseases may possibly be linked 
to imbalance of trace metals. As Perry and 
Camel? point out, human plasma choles- 
terol levels fall during several davs of di- 
sodium calcium ethylenediaminetetraace- 
tate treatment, and this 1s associated with 
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a noticeable excretion of zinc and a lesser 
amount of cadmium, lead, and manganese. 
The relationship of cholesterol levels to 
atherosclerosis is known, but the role of 
trace elements in hvpercholesteremia is 
unknown, though fascinating. 

One might argue that it would be impos- 
sible for trace minerals to play such an 
important function in many disease states. 
However, as reported by many clinicians 
and scientists in the past ten years, trace 
metals have the potentiality of causing or 
contributing to disease in several capacities. 
In the laboratory, the injection of magne- 
sium results in adrop of serum calcium to 
tetany levels; ingestion of magnesium salts 
increases urinary calcium excretion but its 
actual role is not known. The balance be- 
tween the elemental constituents, especially 
in those of major quantities within the 
blood, must be maintained between small 
variations if the patient is not to suffer 
clinical symptoms. 

Spencer and his group’ have also applied 
neutron activation analvsis to the estima- 
tion of cations and anions in biologic speci- 
mens. They have studied sodium, potas- 
sium, calcium, copper, zinc, magnesium, 
cobalt, manganese, chlorine, bromine, io- 
dine, апа phosphorus. А résumé of their 
work reveals that neutron activation analy- 
sis can be adapted to the estimation of 
these cations and anions, and is of practical 
import. Reiffel and Stone!? have measured 
the sodium, potassium and phosphorus in 
small amounts of muscle. These authors 
and others have used this technique in 
determining the change of these elements 
between normal and pathologic conditions. 

Butt e£ a/.*? report trace metal patterns 
in disease states, principally in hemochro- 
matosis, Bantu siderosis, Laennec's cirrho- 
sis, and alcoholism. Thev revealed increased 
lead accumulation in the liver in response 
to excessive iron storage. They describe 
correlation between trace element levels in 
alcoholics, cirrhotics, and hemochromatot- 
ics, particularly the low zinc level in these 
cases. 

Banks and his group! have devised a 
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method for determination by radioactiva- 
tion analvsis of zinc in small amounts of 
blood and tissues. Excellent results were ob- 
rained, with recovery studies being in the 
100 per cent range. Zinc, although a trace 
element within the human system, has re- 
cently come to the fore in the study of such 
diseases as coronary occlusion and cirrhosis 
of the liver. Wacker eż al.” reported that 
the level of the arculating zinc within the 
plasma of the body dropped to below 50 
per cent within the first few hours following 
coronary occlusion. This drop is statisti- 
cally significant and occurs very early in the 
course of the disease. If the more accurate 
neutron activation analvsis method could 
5e applied to quantitizing the level ot zinc 
in the plasma following coronary occlusion, 
it would aid physicians. 

[n cirrhosis o^ the liver in human pa- 
tients, the zinc level in blood is decreased 
to 75 per cent of normal. Аз the patient 
andergoes treatment and progresses toward 
normalcy, the zinc level rises and serves as 
a prognostic sign. If the patient is on a 
downward course and the treatment is 1n- 
effectual, the zine level remains at its sub- 
normal position or decreases. 

The field of chelation, as a possible thera- 
peutic aid in medicine, demands research 
on materials such as ethylenediaminetetra- 
acetic acid and other chelating elements or 
compounds. Copper is able to reduce the 
biologic activity of ascorbic acid. Zirconium 
is used as an application in Rhus dermatitis 
and is considered to have a chelating effect. 
The thought of competitive chelation oc- 
curring in the many steps of normal metab- 
olism is, thereby, enhanced. One element 
chelated by a cempound normally occur- 
ring in these metabolic cycles could cause 
severe derangement. Here 15 a virtually 
unexplored field where neutron activation 
analysis, plus microautoradiography and 
such respiratory quotient instruments as 
the Warburg apparatus, could work in con- 
Sunction in dispelling some of our ignor- 
ance. 

With our increased knowledge of chela- 
пол of metals, deficiencies of certain trace 
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elements may prove to be a causative path- 
ologic agent. Chronic disease states may be 
caused bv chelation of an abnormal metal 
over a lifetime. Thus, a shortage of a trace 
element or an overabundance of one ele- 
ment may upset the chemistry of an enzy- 
matic system, e.g., beryllium (Be**) dis- 
places magnesium (Mgt*) in certain mag- 
nesium-dependent enzymes resulting in 
deactivation of this enzyme. Schroeder" 
pointed out that arsenic displaced phos- 
phorus in certain systems which accounts 
for the toxicity of lewisite. 

From indirect evidence Schroeder" and 
others reported data relating antihyperten- 
sive agents to metal binding agents and 
that human hvpertensive urine contains 
increased amounts of many elements. 

Gubner? reports the dramatic therapeu- 
tic role of calcium in patients with pulmo- 
пагу edemaand demonstratesadmirably the 
thesis that "Angina pectoris 1s not due to 
anoxia per se, but to acute myocardial po- 
tassium efflux produced by anoxia.” By 
infusion of potassium chloride before excer- 
cise, anginal pain was minimized or pre- 
vented. 

Surawicz et al. have shown that, coin- 
cident with the lowering of serum calcium 
(by disodium ethylenediaminetetraacetate 
administered intravenously), ectopic atrial 
beats were suppressed or abolished in 7 out 
of 14 patients and ventricular beats in 16 
out of 25 patients. 

The question. of degenerative disease 
arises from the consequence of cumulative 
poisoning of enzyme systems by either too 
much or too little of the element required 
in their normal action. The role of cobalt 
and copper, in the cvcle of maturation of 
the red blood cell, has just recently come 
under investigation. 

Tietz e£ al.” analyzed autopsy and biopsy 
tissues of the lung, liver, and kidney by 
spectrographic methods for manganese and 
other elements. These tissues were taken 
from human beings with and without malig- 
nant lesions. A higher content of magnesi- 
um, lead, iron, cerium, chromium, nickel, 
sulfur and silver was found in those patients 
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suffering from neoplastic disease regardless 
of the primary site. Chromium and silver 
were significantly high in kidney tissues of 
patients with neoplastic disease. The metal 
content in the tumor itself was definitely 
lower than that of the surrounding host 
tissue. This type of research opens many 
avenues of research to discern elemental 
ditterences within malignant and nonmalig- 
nant tissue. 

Muller’ reports on the use of neutron 
activation analysis of colloidal gold 1:98. 
Quantitative approximations of the amount 
of gold within the lymph nodes and other 
anatomic structures were obtained by ex- 
ternal counting and scanning, bv counting 
of ashed active samples, and Ьу autoradiog- 
raphy. After a period of time for decay of 
the radioactive gold, the author reactivated 
the gold within a reactor and obtained 
accurate quantitative data on the amount 
of gold per gram of lymph node and other 
structures. The study of the actual distri- 
bution of radioactive material into the lym- 
phatics and the mesenteric mucosal sur- 
faces would lead to more accurate 
knowledge of the role of colloids in pallia- 
tive, curative, or preventive treatment 
against metastases to these regions. A col- 
loidal isotope with a short half-life and a 
high energy radiation that could be con- 
tained within the vascular and lymphatic 
systems could augment our chemotherapy 
of the “wandering cells” cast off from malig- 
nant tissues during manipulation, or opera- 
tion of the parent tumor. By using inactive 
nontoxic materials, allowing them to as- 
sume their final distribution, and then ac- 
tivating them in a nuclear reactor, one 
could study their distribution with finite 
microautoradiography or counting pro- 
cedures. 

A recent clever twist for use of neutron 
activation analysis developed by Spencer 
et al." is to measure the radioactivity of a 
sample, expose it to thermal neutrons, and 
then measure the activity again. Increase 
in the activity can be used to identify and 
measure carriers. The carrier content, then, 
of any radioactive material can be qualita- 
tively found by neutron activation analv- 
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sis. They began the study of locating iodine 
atoms in the human thyroid by activating 
the iodine in tissue samples in a reactor and 
making autoradiographs to show iodine 
128 distribution. Again, the elimination of 
radioactivity within the human body allows 
this tool to be used with impunity and 
shows possibilities of disclosing the iodine 
metabolism within the thyroid gland. 

Over the past year our laboratory per- 
sonnel have familiarized themselves with 
the characteristics of this new and exciting 
instrument, the nuclear reactor. Pilot stud- 
les оп neutron activation analysis of blood 
products and urine have been carried out. 

In our laboratory the most specific and 
accurate chemical techniques for sodium, 
potassium, calcium, magnesium, zinc, man- 
ganese, mercury, arsenic, and copper have 
been worked out in the past eight months. 
Comparison of these chemical techniques 
to neutron activation is now in progress. 
Many minute samples can be activated in 
the reactor. The present objectives are: 
(1) to analyze urine and 3 blood derivatives 
of normal and abnormal subjects in order 
to determine the quantity of 4 major cat- 
ions and anions, and (2) to quantitate ¢ 
trace elements in the same individuals. It 
IS proposed to establish standard means 
and extremes of these g elements found in 
normals. 

Activation of these samples is accom- 
plished by placing them into sealed poly- 
ethylene test tubes and irradiating them 
for specific time periods, dependent upon 
the isotope of interest. Standards of these 
elements are irradiated for the same time 
period and with identical geometry. After 
removing the tissue sample and standard, 
the radiation is counted by a gamma detec- 
tor and recorded via a multichannel ana- 
lyzer. 

Each determination is made in quadru- 
plicate. It is estimated that within the next 
year 1,000 normal individuals will have had 
their blood and urine analyzed in this fash- 
ion. Theoretically, this amounts to 16,000 
analyses a year for the g elements to be 
determined. 

It is estimated that these 16,000 samples 
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could be easily activated and analyzed us- 
ing present facilities and personnel. 

However, the analyses by manual arith- 
metic determinations would take 6,400 
working days at 2.5 days per sample. This 
means approximately 62 people doing anal- 
vsis of data per vear. 

A corollary o»jective has been to over- 
come this limiting handicap of manual anal- 
VSIS. 

For the past fifteen months work has 
progressed on the idea of employing a com- 
puter to analvze the data presented bv the 
multichannel analyzer. А method has been 
conceived and shown to be practical. 


COMPUTER ANALYSIS 


The first step to be taken is to introduce 
pure samples of known quantitv into the 
testing procedure. The resultant spectrum 
is introduced into an IBM “1620” compu- 
ter via paper tape punched by the analy- 
zer. The computer will analyze the spec- 
trum, picking out the value of the principal 
phoropeak and ics associated channel; then 
compute and punch into paper tape: (1) 
quantity (gamma counts per minute); (2) 
principal photopeak value with its associ- 
ated channel; and (3) percentage contribu- 
tion of each charnel output to the principal 
photopeak. This tape becomes part of a 
“library of standards" which can be ex- 
panded as desired to investigate new sub- 
stances. Each tape in this “library”? will 
now be referred to as a "standard"; or a 
standard, when available, mav be obtained 
from National Bureau of Standards. 

Having obtaired or produced standards 
for each of the substances to be tested, the 
following procedures will be utilized to ob- 
tain quantitative analvses of these samples. 
These analyses are divided into 6 different 
categories since the procedures differ 
slightly depending on the oscilloscopic pat- 
tern viewed on the analvzer. 


A. KNOWN SEUBSTANCE-—SINGLE PEAK 


This represents the case in which a sam- 
ple of known substance but unknown quan- 
tity is tested. Fo lowing the introduction of 
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the spectrum, the procedure will be to select 
from the “library”? the standard for this 
particular substance and introduce this 
tape into the “1620.” The computer will 
analyze the spectrum, find the principal 
photopeak and compare its channel to the 
principal photopeak channel of the stand- 
ard. If they disagree, compensation for 
drifting is made and noted, and a ratio of 
the spectrum photopeak and standard pho- 
topeak will be obtained. If they agree the 
ratio 1s obtained directly. This ratio will 
be used to compute the desired quantity by 
applying it to the quantity as read from 
the standard. The result will be printed on 
the “1620” typewriter. Furthermore, the 
computer will apply this ratio to all the 
respective channel percentages of the 
standard, taking into account the compen- 
sation for drifting, 1f necessary, and will 
determine if the spectrum of the sample 
varies in exact proportion to the standard. 
These differences can be printed out on the 
"1620" typewriter for further analysis, and 
also punched into paper tape in the same 
format as the spectrum tape so that further 
computer analysis can be performed. 


B. KNOWN SUBSTANCES—MULTIPLE CLEAR PEAKS 


The spectrum tape for this mixture 15 
introduced into the “1620” followed by the 
appropriate standards for each of the 
known substances 1n the mixture. The com- 
puter will first select the most energetic 
peak (the one with the highest channel num- 
ber). In the same manner as in procedure 
“А,” the quantity 1s obtained for this sub- 
stance by selecting the proper standard. 
Following this, the computer will apply the 
ratio and percentages and subtract the con- 
tribution of this substance to the spectrum 
of the sample. The result will be a new or 
"reduced" spectrum of the remaining sub- 
stances, and the process is repeated until 
all known substances are analyzed. A check 
similar to that in procedure “А” can then 
be made for any impurities remaining. Pro- 
cedure “B” is possible since the contribu- 
tions of the less energetic substances will 
not affect the spectrum in the peak area of 
the most energetic. 
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C. KNOWN SUBSTANCES—MIXED PEAKS 


This represents the case in which the 
spectrum of the sample or the reduced spec- 
trum contains а mixture such that the 
principal photopeak of one or more, as 
viewed on the oscilloscopic pattern, notice- 
ablv atfects the others. Thus, peak values 
of the spectrum cannot be used to compute 
the ratios directly as in procedure “В” 
since these peaks are composites. The con- 
tributions of each substance in such a mix- 
ture have to be completely separated in 
such a way that peak values are obtained 
that represent only that part of the com- 
posite attributable to each substance. To 
accomplish this, the spectrum of the sample 
is introduced into the computer followed by 
the appropriate standards. The peak values 
of the sample spectrum and associated 
channels are determined. The percentages 
corresponding to these channels are taken 
from the standards and used as coefficients 
in a set of simultaneous equations along 
with the sample spectrum values of these 
channels. The computer solves the simul- 
taneous equations to obtain the peak con- 
tributions of each substance. Quantity 15 
obtained as in procedure “A” by computing 
a ratio from each of these peak values. 
After subtracting the entire mixture from 
the spectrum sample, procedure “B” can 
be followed for the spectrum remaining if 
the peaks are clear. Procedure “€C” has to 
be repeated if the spectrum still contains a 
mixture at another point such that the 
remaining peaks are still composites. 


D. UNKNOWN SUBSTANCES——CLEAR PEAKS 
Essentially, procedure "B" is used for 
this case, except that, after the introduction 
of the sample spectrum, an attempt will be 
made to determine the substances Ьу intro- 
ducing a number of standards into the 
computer. (This could be the entire "li- 
brary,” if necessary.) The computer will 
try the various standards until the proper 
combination of substances 1s found, after 
which procedure “B” can be used directly. 
E. UNKNOWN SUBSTANCES MIXED PEAKS 


As described above for "Unknown Sub- 
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stances—-Clear Peaks,” the first task of 
the computer would be to determine the 
substances contributing to the mixed peak 
or peaks of the sample spectrum. This is 
accomplished by introducing many stand- 
ards into the computer, and having the 
computer find the proper mixture, using 
procedure “С” on various combinations of 
standards that are possibly present in the 
mixture. 


F. PROFILE OF ENERGY PEAKS 


Another use of automatic data processing 
is in profiling. As an example, gamma-spec- 
trum tapes of a large number of normal 
samples of activated blood mav be collected 
and fed into the computer. Àn average and 
standard deviations of normal elemental 
content may be taped as a composite spec- 
trum. This tape may then be used as a com- 
parison spectrum with blood samples under 
investigation. 


CONCLUSION 


We feel that the application of neutron 
activation analvsis to the medical sciences 
Is а necessity. Neutron activation analvsis 
is available and limited only by the imagi- 
nation of the investigator. Minute samples 
of any "orm with practically no preparation 
can be measured. This technique eliminates 
introduction of radiation into a subject. 
Radiometric analysis is, in many ways, 
superior to other methods of analysis. Ad- 
dition of the IBM 1620 computer will re- 
duce analysis time and increase efficiency 
and accuracy. 

Richard E. Ogborn, M.D. 
Radioisctope Service 
Veterans Administration Hospital 


4101 Woolworth Avenue 
Omaha 5, Nebraska 
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LEUKEMOGENIC AND CANCEROGENIC 


EPFECIS OF 


INCE the advent of the atomic age, 

enormous strides have been made in 
advancing our knowledge of the biologic 
effects producec by the ionizing radiations 
on human beings. The use of roentgen rays 
and radium in medical practice, since the 
turn of the century, and the vast observa- 
tions made in conjunction with this prac- 
tice, paved the way for the establishment 
of fundamental concepts in diagnosis and 
treatment of disease. Very soon it became 
apparent, however, that exposure to radia- 
tion carries with it certain hazards which, 
whether of factitial or occupational nature, 
must be avoided or reduced to a minimum 
whenever possible. 

The atomic bomb explosions at Hiro- 
shima and Nagesaki suddenly brought into 
sharp focus the grave destructive. poten- 
tialities of these hazards, thereby inciting 
innumerable investigations on the effects 
of ionizing raciations not only on the 
health of the individual but of the popula- 
tion as a whole. Greatly concerned with 
this aspect, the U. S. National Academy of 
Sciences-National Research Council! and 
the Medical Research Council of Great 
Britain? collected all the available data and 
in 1956 issued their First Reports, primarily 
from the national point of view. In 1958, 
the United Nations Scientific Committee of 
the Effects of Atomic Radiation? put forth 


1 The Biological Effects of Atomic Radiation—Summary Re- 
ports. National Academy of Sciences—National Research Coun- 
cil, Washington, D. C., June, 19:6; also Special Bulletin, The 
American College of Radiology, Sept., 196. 

2 Tae Hazards to Мав of Nuclear and Allied Radiations. The 
Medical Research Council, June, 1956, Cmnd. 9780, Н. M. Sta- 
tionery Office, Atlantic Bouse: Holborn Viaduct, pont RAE 
I , England ( (Price $s. 6d. net). 

3 Report of the United Nations Scientific Committee on the 
Effects of Atomic Radiztion. United Nations, New York, N. Y., 
1958. 
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a similar Report, from a world-wide point 
of view. There were, of course, other reports 
published. Because of the large amount of 
new information obtained through greatlv 
expanded research facilities, phvsical meas- 
urements of various radiation levels and 
especially further assessment of the effects 
depending on a longer period of observa- 
tion, both the U. S. National Academy of 
Sciences: National Research Council^ and 
the Medical Research Council of Great 
Britain? found it necessary to prepare in 
1960 a Second Report, incorporating these 
latest developments. 

Among the long range observations of 
particular interest to the radiologist are 
the leukemogenic and cancerogenic effects. 

A voluminous literature has already ac- 
cumulated on the leukemogenic effect of 
ionizing radiations, not a small part of 
which is of a rather controversial nature. 
As pointed out in the Second Report of the 
Medical Research Council of Great Britain, 
the two most important "continuing in- 
vestigations” from which valuable infor- 
mation on the relation between incidence 
of leukem:a in man and exposure to ioniz- 
ing radiation is derived are those carried 
out Ьу the United States Atomic Bomb 
Casualty Commission in collaboration with 
the Japanese authorities on survivors of the 
atomic bomb explosions in Hiroshima and 
Nagasaki? and those sponsored by its own 


* The Biological Effects of Atomic Radiation—Summary Re- 
ports. National Academy of Sciences—National Research Coun- 
cil, Washington, D. C. , May, 1960. 

5 The Hazarcs to Man of Nuclear and Allied Radiations. A 
Second Report of the Medical Research Council, Dec., 1960, 
ded 1225, H. M. Stationery Office, Atlantic House: Holborn 

Viaduct, London, Е.С. 1, England (Price 7s. od. net). 

6 Lance, R. D., Морав, W. C., and Yamawaky, Т. Leu- 
kemia in atomic bomb Sari: d. General Ба-а; 
Blood, 1954, 9, 574—585; also Могохеү, W. C., and Lance, R. D. 
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Council on patients treated by large doses 
of irradiation for ankylosing spondylitis.” 
Both of these investigations have estab- 
lished a positive correlation between leu- 
kemia incidence and irradiation. 

[п its First Report, the Medical Re- 
search Council of Great Britain did not 
indicate a sharply defined period in which 
the occurrence of leukemia in the Japanese 
survivors rose to a peak. Since then the 
number of leukemia cases has increased 
and knowledge of population groups upon 
which to base analysis has improved. In a 
recent report,? Hevssel and co-workers of 
the Atomic Bomb Casualty Commission 
were able to present for the first time an 
analysis of incidence of leukemia based on 
fixed samples of survivors. The report re- 
fers only to the Hiroshima survivors, cov- 
ering the period from 1945 to 1958, but a 
similar report is also being prepared for the 
Nagasaki survivors. 

The atomic bomb explosion survivors re- 
ceived a single sublethal dose of whole body 
gamma plus neutron radiation, the magni- 
tude of the dose depending on the distance 
from the hvpocenter and, to some extent, 
on the shielding conditions present. It was 
demonstrated earlier that the incidence of 
leukemia increased with decreasing dis- 
tance from the hypocenter. In the more 
recent report, Hevssel and co-workers? 
state that the preliminary analyses indi- 
cate that this increase was linear above о 
to тоо rads. Between 1950 and 1957 the 
estimated incidence per 10,000 population 
per vear was 17.20 within r,ooo meters, 
3.30 from 1,000 to 1,500 meters, 0.34 from 
1,500 to 2,000 meters, and 0.29 from 2,000 
to 10,000 meters from the hypocenter, as 
compared to o.24 for the Japanese popula- 





Leukemia in atomic bomb survivors. II. Observations on early 
phases of leukemia. Blood, 1954, 9, 665-685. 

7 Court-Brown, W. M., and Dott, К. Leukaemia and Aplastic 
Anaemia in Patients Irradiated for Ankylosing Spondylitis. 
Medical Research Council Special Report Series No. 295. H. M. 
Stationery Office, Atlantic House, Holborn Viaduct, London, 
Е.С. 1, England (Price 10s. 6d. net). 

8 HEvssEL, К. A., Britt, B., Woopsury, L. A., NISHIMURA, 
E. T., Сноѕе, T., Нознїхо, T., and Yamasaki, M. Leukemia in 
Hiroshima atomic bomb survivors. Blood, March, 1960, 75, 313- 
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tion as a whole. Heyssel and cc-workers® 
also state that the minimum period prior to 
development of leukemia was less than 
three vears; the risk increased during the 
next two vears and reached its peak be- 
tween four and eight vears following radia- 
tion exposure. It then diminished and after 
thirteen years was only slightly higher than 
the expected normal incidence. 

In the ankylosing spondylitis series,’ the 
patients received irradiation uncer differ- 
ent circumstances. The case histories of 
13,352 patients treated at 81 British Radio- 
therapy Centres between 1935 and 1954 
revealed that more than 9o per cent had 
localized irradiation to the spine. with 
roentgen rays of 1.5 mm. Cu half value 
layer, given in 2—4 or more courses. In 
these patients the annual incidence of leu- 
kemia was 16-17 cases per 10,000 follow- 
ing a mean dose in excess of 1,750 r to the 
spinal marrow, as compared to о. case 
per 10,000 of the normal population in 
Great Britain. For all patients the annual 
incidence rose to 72 cases per 1¢,000, fol- 
lowing a mean dose to the spinal marrow in 
excess of 2,250 г. A study of the long-range 
effect in these patients showed that no case 
of leukemia occurred less than two vears 
after the start of treatment and that the 
peak incidence was reached between three 
and five vears. The second Report of the 
Medical Research Council of Great Britain 
indicates that the increased risk of inducing 
leukemia under these circumstances 1s dis- 
appearing Ьу the tenth to twelfth vear 
after exposure. 

Hevssel and co-workers,* after compar- 
ing the Japanese material with the British 
studies and weighing carefully the various 
facets of the problem, state that two points 
are worthv of emphasis. The first 15 that, 
since leukemia occurs in human population 
with or without radiation exposure, at 
present only a presumptive relation be- 
tween radiation and a given case of leu- 
kemia can be made. Secondly, and even 
of greater importance, is that the studies in 
humans which have established a definite 
relation between radiation and leukemia 
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have without exception involved groups of 
people exposed to fairly large amounts of 
radiation. 

A third possibility of leukemogenic effect 
of radiation was suggested by a few early 


studies in conjunction with exposure of 


the fetus zz utero during diagnostic roent- 
genology. Since in this instance very small 
doses of roentzen rays are used, the as- 
sumption was made that the child during 
early fetal life 5 particularly susceptible to 
radiation exposure. Recently Court-Brown, 
Doll, and Hill, after surveying the records 
from 1945 to 1956 of 39,166 live-born chil- 
dren expesed to radiation iv utero in eight 
hospitals in Loadon and Edinburgh, found 
only g cases which died of leukemia, where- 
as the expected number was estimated to 
be 10.5. À survey carried out by Lewis!? at 
the Queen Charlotte’s Hospital in London 
revealed similer findings. Of 12,657 non- 


irradiated control cases up to six years of 
age, 7 died from leukemia, an incidence of 


I in 1,808. Of 4,291 irradiated cases over 
the same period of time, 1 died from leu- 
kemia, an incidence of I in 4,291. The 
Second Report of the British Medical Re- 
search Ceuncil, after assaying the data ob- 
tained more recently, states that the inci- 
dence of leukemia among these children is 
no greater than that which is expected 
among children in the population in gen- 
eral. 

As it concerns the cancerogenic effect of 
radiation, the most comprehensively stud- 
ied lesions are cancer of the skin due to 
occupational exposure to roentgen rays or 
radium and osteogenic sarcoma of the bone 
in the watch cial painters due to internal 
irradiation by absorbed radioactive sub- 
stances. In both of these instances irradia- 
tion extended over long periods of time and 
the large cumulated doses, after episodes 
of repeated destruction and repair, even- 
tually led to irreversible degenerative 


? Court-Brown, №. M., Dott, R., and Hint, A. BRADFORD. 
Incidence of leukaemia after exposure to diagnostic irradiation 
in utero. Brit. M. J., Nov. 26, 1960, 2, 1539-1545. 

10 Lewis, T. L. T. leukaemia in childhood after antenatal ex- 
posure to x rays; survey at Queen Charlctte's Hospital. Brit. 
M. 7., Nov. 2, 1960, 2, 1551-1552. 
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changes culminating in malignant trans- 
formation of the unalterably damaged tis- 
sues. 

Infrequently, malignant neoplasms oc- 
curring under other conditions were re- 
ported but unless they were preceded by 
the above-mentioned degenerative changes, 
whether caused by repeated small doses 
over a prolonged period, larger doses over a 
shorter time or a single overexposure, their 
induction by radiation was considered de- 
batable. Among these are a few cases of 
cancer of the thyroid and malignant neo- 
plasms of the thymus attributed to irradia- 
tion of the structures of the neck and upper 
chest in childhood. 

A very interesting and rather surprising 
report on the possible cancerogenic effect of 
radiation was published recently by Harada 
and Ishida.! This report, which is the first 
of the newlv created Research Committee 
on Tumor Statistics of the Hiroshima City 
Medical Association, presents an analvsis 
of the incidence of malignant neoplasms 
diagnosec from May, 1957 to December, 
1958 in she atomic bomb explosion sur- 
vivors. Approximately 1,750 cases of ma- 
lignant neoplasms were registered during 
this period, of which 58 per cent were con- 
firmed by microscopic examination of tissue 
taken at biopsy or autopsy and 12 per cent 
were diagnosed bv roentgen study or sur- 
gical exploration. The remaining 30 per 
cent, diagnosed bv clinical examination 
alone or based only on death certificates, 
were considered unconfirmed. To evaluate 
the unsupported clinical diagnoses, the 
autopsy diagnoses from 1948 to 1959 were 
correlated with the previous clinical diag- 
noses of cancer and according to the au- 
thors a gcod correlation was obtained. In the 
statistica. compilation both the confirmed 
and unconfirmed cases were used and, fol- 
lowing elamination of the cases of leukemia 
and lymphosarcoma, the incidence was re- 
calculated. 


!! HARADA, T., and IsHipa, M. Neoplasms among A-bomb Sur- 
vivors in Hiroshima: First Report of the Research Committee on 
Tumor Statistics, Hiroshima City Medical Association, Hiro- 
shima, Japan. 7. Nat. Canc. Inst., Dec., 1960, 25, 1253-1264. 
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Based on this material, the concer in- 
cidence in the atomic bomb explosion sur- 
vivors was estimated in relation tc the dis- 
tance from hypocenter. The figures of the 
Registry were adjusted to the 1955 census 
of the population of Hiroshima, after 
standardizing the rates to those of the 
populations of Miyagi Prefecture, Japan; 
Connecticut, U.S.A.; and Copenhagen, 
Denmark. The following estimates were 
obtained for a distance within 1,55 meters 
from the hypocenter: cancer of the stom- 
ach, 24 (expected, 12.41); cance- of the 
lung, 10 (expected, 2.32); cancer of the 
breast, 5 (expected, 2.49); cancer of the 
cervix uteri, 8 (expected, 4.99) ; and cancer 
of the ovary, 4 (expected, r.o1). In other 
words, the incidence was noted to be in- 
creased for all 5 types of malignant neo- 
plasms, although previously Murohy and 
Yasuda’ of the Atomic Bomb Casualty 
Commission, in a study of cancer of the 
stomach, reported no difference in the fre- 
quency of this neoplasm in survivors 
within 2,5co meters from the hy docenter 
and those not exposed. For a distat-ce with- 
in I,coo meters from the hvpocenter, where 
some of the survivors received the maxi- 
mum sublethal dose, the Tumor Registry 
found an annual incidence of malignant 
neoplasms of all types of 1,200 per 100,000 
population, or more than 4 times that of 


1° Микрнү, E. S., and Yasupa, A. Carcinoma of the stomach 
in Hiroshima, Japan. Am. 7. Path., 1958, 34, 5317542. 
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the unexposed population. The so-called 
“doubling dose” was observed at approxi- 
mately 1,300 meters from the hypocenter, 
and the equivalent air dose was calculated 
to be in the neighborhood of 400 rads, equal 
to or somewhat below the LD;, for human 
beings. According to Harada and Ishida! 
the data obtained indicate that there is an 
absolute increase rather than acceleration 
in the age-specific incidence of malignant 
neoplasms. No mention is made in this re- 
port of the occurrence of thvroid cancers 
following exposure to similar large doses of 
radiation in children. 

Obviously, long-range statistical analvses 
represent significant contributions to the 
study of the leukemogenic and cancero- 
genic effects of large doses of ionizing radia- 
tions. The few statistical data available 
seem to point to the fact that such effects 
were not encountered in conjunction with 
exposure to low doses of radiation; in par- 
ticular, the increased leukemogenic sus- 
ceptibility during early fetal life zz utero 
was not observed. However, as stressed in 
the Second Reports of both the U. S. Na- 
tional Academy of Sciences-National Re- 
search Council and the Medical Research 
Council of Great Britain, further extensive 
Investigations on all aspects of the problem 
are necessary. 

T. Leucutia, M.D. 


Harper Hospital 
Detroit 1, Mich. 
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X-RAY BARRIER DETERMINATIONS 


Measurements made by the National 
Bureau of Standards, in a program spon- 
sored by the Atomic Energy Commission, 
indicate that present methods of determin- 
ing barrier requirements for x-ray installa- 
tions may result in walls having protective 
barriers that are several half-value layers 
thicker than actually required.! This study, 
conducted by S. W. Smith and J. R. 
Brooks, with tae cooperation of over 20 
hospitals and clinics, may lead to savings 
in the cost of many future installations. 

The usual procedure for the calculation 
of required barrier thickness is to assume 
near-maximum values for the various fac- 
tors affecting the exposure of the barriers if 
more precise knowledge of them is not 
known. These factors include such vari- 
ables as workload, fraction of time the radi- 
ation 15 directec toward the barrier, effect 
of coning, attenuation of the patient, and 
others. In actual practice, one or more of 
these factors may be considerably less than 
the maximum values assumed for busy in- 
stallations and the barrier thickness re- 
quired for personnel protection may thus be 
less than that indicated by the calculations 
based on these assumptions. 

In this study, the amount of radiation 
reaching various regions of the x-ray rooms 
was determined through the use of pocket- 
type ionization chambers. As many as 7o 
of these instruments were attached to se- 
lected positions on the ceiling and walls of 
each room. Readings were taken once or 
twice a week, d2pending on the exposure, 
for a period of from one to two months. 
The penetrating quality of the radiation 
was determined from attenuation curves 
obtained from readings of instruments that 
were surroundec with varying thicknesses 
of aluminum or lead. 

' For further technica’ details see, Measurement of radiation 
exposure at the walls o^ medical x-ray rooms for determining 


protective barrier require nents, by S. W. Smith and J. R. Brooks, 
Atompraxis (March, 196c). 
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The werk load in milliampere-minutes 
of each installation was automatically de- 
termined by a charge-integrating device 
connected to the x-ray control. From the 
data obtained it seems reasonable to as- 
sume, when no specific information is avail- 
able, a werkload of 1,000 ma.-min./week 
for a busy diagnostic x-ray room. 

The amounts of lead shielding required 
to reduce exposure to the desired level were 
calculated from the collected data for those 
rooms having maximum exposure and use. 
These thicknesses were generallv consider- 
ably lower than values arrived at using the 
usual procedure, indicating substantial 
safetv factors. 

The results of this studv, combined with 
data from other experiments, may even- 
tually result in a reduction in the amount 
of shielding specified for x-ray rooms bv 
use of more realistic values for the various 


factors used in computing the barriers. 


COURSE IN SPECIAL RADIATION 
PROCEDURES IN THE TREATMENT 
OF CANCER 

А one-week intensive course in the use 
of specialized radiation techniques in the 
treatment of malignant disease will com- 
mence at the Queens Hospital Center, 
Mondav, October 16, 1961. 

Clinical, Operative апа Laboratorv ses- 
sions will be held and will include: (1) Ro- 
tational and arc cobalt teletherapy; (2) 
Interstitial therapy with various radioiso- 
topes, e.g., Iridium, yttrium, cobalt, radon; 
(3) Recent techniques in the field of iso- 
topes; (4) Beta-ray applicators; (5) Opera- 
tive radium techniques: Henschke, Hey- 
mann, Ernst, low-intensitv needles, radical 
neck procedures, parametrial implanta- 
tions, etc.; and (6) Modern techniques in 
radium mold fabrication. 

The faculty will consist of members of 
the Radiation Medicine Department, as 
well as invited guest lecturers. Enrollment 


^ 
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in the course will be limited. The tuition fee 
15 $150. For further information apply to 
Dr. Philip J. Kahan, Supervising Medical 
Superintendent, Queens Hospital Center, 
82-68 164th Street, Jamaica 32, M. Y. 

COURSE IN RADIOACTIVE ISCTOPES 

FOR TECHNICIANS 

A course in Radioactive [so-opes for 
Technicians consisting of 8 sess ons of 4 
hours each is to be held every Wednesday 
afternoon, commencing September 27, 
1961, and ending November 15, 1961 (1 to 
5 P.M.). It will be devoted to laboratorv 
techniques in the use of radioactive iso- 
topes. Sessions will be divided ec ually be- 
tween lectures and laboratory work. The 
most commonly used medical apolications 
of radioactive isotopes, as well is health 
and safety measures, will be stressed. This 
course is limited to то members. The tui- 
tion fee is $100. Requests for apolications 
should be sent to Dr. Philip J. Kahan, Su- 
pervising Medical Superintenden-, Queens 
Hospital Center, 82-68 164th S-reet, Ja- 
nisica 352, IN T. 

THIRD SYMPOSIUM ON 
CINEFLUOROGRAPHY 

The Staff of the Department cf Radiol- 
ogy at the University of Rochester regrets 
that it was not possible to hold -he Third 
Symposium on Cinefluorography in the 
Spring of 1961 as originally ar nounced. 
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Instead, the meeting will be held in Roches- 
ter, New York, on Friday and Saturday, 


December 1 and 2, 1961. As before, the 
seating capacity of the auditorium will 
limit registration to approximately 150 


individuals. 

The program will include basic orienta- 
tion in problems of motion picture radiog- 
raphy as well as demonstrations of the ap- 
plications of cinefluorographv in the basic 
sciences and clinical sciences. 

This announcement 15 an invitation for 
the submission of scientific papers dealing 
with any facet of the technical or applied 
aspects of motion picture radiography. 

Please address inquiries or applications 
to: Stanley M. Rogoff, M.D., Division of 
Diagnostic Radiology, University of Roch- 
ester Medical Center, Rochester 20, New 
York. 

TENTH ANNUAL IRA I. 
KAPLAN LECTURE 

The Tenth Annual Ira I. Kaplan Lecture 
will be held on Thursday, May 25, 1961, 
5:30 P.M. In the main auditorium of Alumni 
Hall, New York University School of Medi- 
cine, 550 First Avenue at 31st Street, New 
York, New York. The lecturer will be 
Welter T Murphv, M.D., Director of 
Therapeutic Radiologv, Roswell Park 
Memorial Institute, Buffalo, New York. 
Dr. Murphy will speak on “Complications 
of Head and Neck Irradiation.’ 


We regret to announce the death on April 8, 1961, in Ann 


Arbor, Michigan, о Dr. 


Samuel W. Donaldson, distinguished 


member and 2nd Vice-President of the American Roentgen 


Rav Society and also the death on April 9, 1961, in Denver, 


Colorado, of Dr. David M. Gould, 


distinguished member of 


the American Roentgen Rav Society. 
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Low Inrenstry Raprum 'ТнЕкАРҮ. By Charles 
L. Martm, E.E., M.D., F.A.C.R., Clinical 
Professor of Radiology, Southwestern Med- 
ical School, Umversity of Texas; and James 
A. Martin, M.D., F.A.C.R., Associate Pro- 
fessor of Radiclogy, Southwestern Medical 
School, University of Texas. Cloth. Price, 
$12.50. Pp. 257, with 20 color plates and 118 
illustrations. Little, Brown & Company, 34 
Beacon St., Boston, Mass., 1959. 


Few men have the thrill of dedicating a book 
representing a portion of their life’s work to an 
illustrious pioneering father and grandfather 
to whom is attributed the stimulus for this pub- 
lication. Based on an experience of thirty 
years, the tather and son, authors of this con- 
cisely written and well-illustrated book, have 
documented their use of low intensity radium 
therapy in malignancies of the head and neck, 
certain female genital cancers, carcinoma of the 
breast metastatic to internal mammary lymph 
nodes, and some more unusual lesions. 

The discovery of radioactivity, the isolation 
of radium, and the recognition of its therapeutic 
powers and later of its destructive effects are 
chronicled. The first crude attempts at inter- 
stitial therapy followed by the use of high in- 
tensity sources, and the later development of 
low intensity radium needle therapy are de- 
scribed in an opening chapter which recounts 
the evolutien of radium therapy from an art 
with a pseudoscientific explanation of its mech- 
anism to the practical dosage systems of Pat- 
erson and Parker, and Quimby. However, the 
authors stress that biologic behavior remains 
the undefinable factor in the application of 
radium therapeutically. 

Subsequent chapters deal with the principles 
of this type of therapy, a description of the 
needles employed and a discussion of dosage. 
The authors do not employ a uniform dosage 
technique. Implantation methods, patient care, 
the complications of the procedures and the 
radiation hazards inherent in their application 
are the subjects of further chapters. 

Since lesions of the skin, oral cavity, uterine 
cervix, vagina and breast comprise the most ac- 





cessible cancers, these form the bulk of the sub- 
ject matter in this book. Case documentation 
with pre- amd post-treatment photographs and 
diagrammatic representation of implants liber- 
ally illustrate the text and effectively demon- 
strate the philosophy and practice of this type 
of therapy. 

The authors’ opinions on the management of 
these various lesions are expressed concisely 
and forthrightly, in particular concerning car- 
cinoma of the cervix about which they describe 
a technique of “approximation therapy" em- 
bodying the use of intracavitary therapy alone 
for early lesions, a combination of intracavitary 
and interstitial therapy for more advanced 
lesions, and, in some instances, a combination 
of intracavitary, interstitial and external roent- 
gen therapy. In other instances, combined in- 
terstitial low intensity radium needle therapy 
with electrosurgery and external roentgen 
therapy is judiciously employed where indi- 
cated. 

Throughout this book the authors use case 
reports to describe their methods. Those who 
would criticize the lack of precision in the 
planning of :mplantations or dosage must refute 
the best criterion of success —the practical test 
of time. Considerable success 1n managing ac- 
cessible carcinomata by irradiation techniques 
as opposed to radical surgical techniques 15 
demonstrated. 

A highlight of this book is an atlas of 20 
pages with pre- and post-treatment photo- 
graphs repreduced in full color. The "short of 
radical surgery" treatment of difficult to man- 
age lesions of the face, neck, ear, oral cavity and 
metastatic cervical lymph nodes is thus pre- 
sented pictorially, diagrammatically (as far as 
the implantations are concerned) and by ab- 
breviated historical sketches. 

This book is best characterized by the au- 
thors’ own words in setting forth two funda- 
mental axioms for treatment: "First, that the 
best procedure must produce the largest num- 
ber of cures with the smallest number of per- 
sistent sequelae; and second, that the patient 
should be made to feel better rather than 
worse." This book is dedicated to these princi- 


999 


996 


ples and the authors have eminently suc- 
ceeded in achieving their aim. All radiologists, 
and particularly those restricting their practices 
to radiation therapy, will do well to glean this 
storehouse of practical knowledge of low in- 
tensity interstitial therapy. 

K. L. Krapsenuort, M.D. 


LEUKAEMIA; RESEARCH AND CLINICAL PRAC- 
тісЕ. Ву F. G. J. Hayhoe, M.A., M.D. 
(Cantab.), M.R.C.P. (Lond.), Lecturer in 
Medicine, University of Cambridge; Honor- 
ary Physician, The United Cambridge Hos- 
pitals. Cloth. Price, $16.00. Pp. 335, with 12 
colored plates and 196 black and white illus- 
trations. Little, Brown & Co., 34 Beacon 
St., Boston 6, Mass., 1960. 


The author states in the preface that he has 
attempted to provide a sufficient background 
of elementary principles in each of many re- 
search fields so that the reader will understand 
the relevance and aim of current research 
within each. This goal has been achieved in an 
understandable and succinct presentation. The 
book reflects diligent effort, a tremendous 
amount of work Ьу the author, and also the 
training and encouragement he received from 
his great teacher, Sir Lionel Whitby. 

In the first of four sections, the early litera- 
ture on leukemia is reviewed and reasons for 
the controversy that arose between a few of the 
well-known pioneers in the field of hematology 
during the last century are given. This section 
also includes general concepts and classifica- 
tions, incidence, ecology, and etiology of the 
disease. Even though the author states that he 
Is purposelv giving only a short survev of the 
methods used in classifying the disease, in the 
opinion of this reviewer its brevitv is unfortu- 
nate, and further description of the paraleu- 
kemic states at this point would have been help- 
ful to the student. These conditions are well 
covered in the last section of the book. 

The second section deals with the cytology, 
cytochemistry, biochemistry, metabolism, and 
antigenicity of leukemic cells. The black and 
white and color illustrations of cells stained by 
different techniques are excellent and well se- 
lected. This is true for plates throughout the 
book. 

Various methods of therapy with ionizing 
radiation, chemotherapy, and other measures 
are ably discussed in the third section. The last 
section includes chapters on the clinical aspects 
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of the various forms of leukemia and related 
conditions as well as the nature and nosology 
of the disease. 

The text is well documented with pertinent 
references. [n brief, a difficult subject has been 
well presented. 


E. C. Vonper Hepe, M.D. 


NEOPLASMS OF Bone AND RrLaTED Conni- 
TIONS; Етіогосү, PATHOGENESIS, Diac- 
NOSIS, AND TREATMENT. Second edition. By 
Bradley L. Coley, M.D., Attending Surgeon 
(Emeritus), Bone Tumor Department, Me- 
morial Hospital for Cancer and Allied Dis- 
eases, New York. Cloth. Price, $30.00. Pp. 
363, with 649 illustrations and 31 tables. 
Paul B. Hoeber, Inc., 49 East Thirtv Third 
Street, New York 16, М. Y., 1960. 

The many notable contributions to our 
knowledge of musculoskeletal diseases, in the 
eleven years which have elapsed since publica- 
tion of the first edition of this book, have been 
incorporated into this second edition by com- 
plete revision of the original text. Written by 
an outstanding orthopedic surgeon, the format 
of the book remains unchanged as it records 
the wide clinical experience the author has had 
at what is now the Memorial Hospital for Can- 
cer and Allied Diseases in New York. 

With the heavy emphasis upon the clinical 
problems in diagnosis and treatment, there 15 
little room for detailed pathologic considera- 
tions, but, to compensate for this purposeful 
omission, the author makes reference to special 
texts on pathology for this field. Roentgeno- 
grams are used liberally throughout the book 
to illustrate most entities, but it is to be noted 
that a few conditions, or their more common 
variations, are not illustrated and those roent- 
genograms that are used have, in many in- 
stances, lost a considerable amount of detail in 
their reproduction. 

Of great benefit to clinicians is the inclusion 
of special chapters on blood chemistry in the 
diagnosis of diseases of bone, sarcomas as a 
late development in benign lesions of bone, the 
medicolegal aspects of trauma in tumors of 
bone, surgical treatment, radiation therapy, 
and constitutional therapy. Sections on tumors 
of bone in special locations, and lesions of the 
skeletal system that may simulate neoplasms 
of bone are an invaluable guide in reviewing a 
reasonable differential diagnosis. One of the 
book’s greatest assets is the remarkably exten- 
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sive bibliography that has been assembled at 
the end of each section. 

This book woul 1 seem to be best suited to the 
needs of the surgeon, and will probably be of 
less help to the pathologist or radiologist except 
as it broadens his clinical concepts of the wide 
spectra of diseases of bone and adjacent soft 
tissues. 

Lonatp M. Monson, M.D. 


THe Human Spire iN HEALTH AND DISEASE. 
First American edition. By Georg Schmorl, 
M.D., and Herbert Junghanns, M.D. Trans- 
lated and edited by Stefan P. Wilk, M.D., 
and Lowell S. Goin, M.D. Cloth. Price, 
321.00. Pp. 285. with 419 illustrations. Grune 
& Stratton, Inc., 381 Fourth Avenue, New 
York 16, N. Ya 2569. 


This classic menograph, when it was first 
published in 1932. at once became the authori- 
tative work on tae spine. Schmorl, an anato- 
mist, died short y thereafter. Junghanns, a 
radiologist, contiaued with three additional 
German editions and there has been one French 
edition. 

The translators of the present volume have 
used the fourth German edition, which was 
published in 1957. They have overcome the dif- 
ficulties which are always inherent in expressing 
the thoughts and conclusions of the original 
authors. Differences in terminology have been 
carefully reconcilel. Reading of the monograph 
however, 1s made arduous by the inclusion in 
the text of the nearly three thousand authors 
who are cited as references. In this respect they 
have carefully followed the style of the German 
edition. 

The monograph is divided into nine sections; 
these are: the development and normal struc- 
ture of the spine, congenital anomalies, patho- 
logic changes of -he osseous spine and inter- 
vertebral disks, s»ondylosis, arthritis deform- 
ans or osteoarthritis, deformities of the spine, 
pathologic changes in mobility, vertebral slip- 
ping and displacerent and a brief but complete 
description of prcblems encountered with the 
lumbosacral joint. 

The volume is superbly illustrated. The index 
is completely inclusive and the bibliography is 
extensive. The bcok is recommended without 
reservation for a place in any library used in 
the training of raciologists and orthopedic sur- 
geons. It will autaoritatively settle many dis- 
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putes between the two specialties on the inter- 
pretation of roentgenograms. 
FRANK P. WarsH, M.D. 


BOOKS RECEIVED 

X-Ray Microscopy. By V. E. Cosslett, M.A., 
Ph.D., University Lecturer in Physics, Cavendish 
Laboratory, Cambridge; and W. C. Nixon, M.A. 
Ph.D., Assistant Director of Research, Engineer- 
ing Laboratory, Cambridge; formerly, A. E. I. 
Research Fellow, Cavendish Laboratory, Cam- 
bridge. Cleth. Price, $15.00. Pp. 406. Cambridge 
University Press, 32 East 57th St., New York 22, 
№. Yos 1964, 

RaproPAQuE  DiaGNosTIC AGENTS. Publication 
Number 401, American Lecture Series; A Mono- 
graph in the Bannerstone Division of American 
Lectures in Pharmacology. By Peter K. Knoefel, 
M.D., Professor of Pharmacology, University of 
Louisville, Louisville, Kentucky. Cloth. Price, 
$6.75. Pp. 157. Charles C Thomas, Publisher, 3o1- 
327 E. Lawrence Ave., Springfield, Ill., 1961. 

Tur Hazarps то Man or NUCLEAR AND ALLIED 
Rapiari10Ns; А Seconp Report TO THE MEDICAL 
REsEARCH CovwciL. Paper. Price, $1.35. Рр. 
154. Her Majesty's Stationery Office, 1960. 
Agents in America: British Information Services, 
45 Rockefeller Plaza, New York 20, N. Y. 

RapioLocice, Hazanps ro Patients; Seconp RE- 
PORT OF THE COMMITTEE; MixisTRY ОЕ HEALTH, 
DEPARTMENT OF HEALTH FoR ScorLanb. Paper. 
Price, $1.16. Pp. 114. Her Majesty's Stationery 
Office, 1966. Agents in America: British Informa- 
tion Services, 45 Rockefeller Plaza, New York 20, 
Iq 

SYMPOSIUM ON МАММАІЛАХ GENETICS AND REPRO- 
DUCTION; given at the Research Conference for 
Biology and Medicine of the Atomic Energy Com- 
mission, sponsored by The Biology Division, Oak 
Ridge National Laboratory, Oak Ridge, Ten- 
nessee, held at Gatlinburg, Tennessee, April 4-7, 
1960. Paper. Pp. 193. The Wistar Institute of 
Anatomy znd Biology, Philadelphia, Pa., 1960. 

Vaso-SEMINAL VESICULOGRAPHY IN HYPERTROPHY 
AND CARCINOMA OF THE PROSTATE WITH SPECIAL 
REFERENCE TO THE EyacuLtarory Юустѕ; A 
CLINICAL AND EXPERIMENTAL ROENTGENOLOG- 
ICAL Sruby. By Gunnar Willer Vestby. Cloth. Pp. 
194, with 119 illustrations. Oslo University Press, 
1960. Distmbution office in the United States, 355 
North St., Boston 9, Mass. 

ANATOMY AND PHYSIOLOGY rog RADIOGRAPHERS. 
By C. К. Warrick, M.B., B.S. (Lond.), M.R.C.S., 
LRC Po PROS. (E), FFR; DMR... Con- 
sultant Radiologist, Royal Victoria Infirmary, 
Newcastle upon Tyne, and Lecturer in Radio- 
logical Anatomy, University of Durham. Cloth. 
Price, $7.09. Pp. 265, with numerous illustrations. 
Edward Arnold (Publishers) Ltd., 1960. Exclusive 
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U. S. agents, Williams & Wilkins Co., 428 E. 
Preston St., Baltimore 2, Md. 
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British Journal of Radiology Supplement No. 
10. Paper. Price, $7.50. Pp. 96. The British Insti- 


THE Spectra OF X Rays SCATTERED IN Low Aromic tute of Radiology, 32 Welbeck St., London, W. 1, 
NuMBER MareriAcs. British Journal of Radiol- England, 1961. 
ogy Supplement No. 9. Ву W. R. Bruce, M.D., THe NationaL Liprary or MEDICINE INDEX 
Ph.D., Physics Division, Ontario Cancer Institute, MECHANIZATION Proyecr. Bullet n of the Medical 
Toronto, and Assistant Professor of Medical Library Association. Paper. Pp. 95. National 
Biophysics, University of Toronto, Canada; and Library of Medicine, Washington, D. C., 1961. 
Н. E. Johns, Ph.D., F.R.C.S., Physics Division, ANGIOGRAPHY. In two volumes. By 32 contributors; 
Ontario Cancer Institute, Toronto, and Professor edited by Herbert L. Abrams, M.D., Associate 
of Physics, University of Toronto, Canada. Paper. Professor of Radiology, Director, Division of Di- 
Price, $2.00. Pp. 57, with numerous illustrations. agnostic Radiology, Stanford Univers ty School of 
The British Institute of Radiology, 32 Welbeck Medicine, Stanford, California. Cloth. Price, 
St., London, W.1, England, 1960. $47.50. Pp. 807, with 1345 photographs and line 
DeptH Dose TABLES ror Use iN RADIOTHERAPY; drawings. Little, Brown & Company, 34 Beacon 
A Survey, PREPARED BY THE SCIENTIFIC SUB- St., Boston 6, Mass., 1961. 
COMMITTEE OF THE Hosrrrar Puysicists’ Asso- I Conpromti DELL’Osso. By B. Vidal ard С. C. En- 
CIATION, OF CENTRAL Axis Depru-Dose Dara glaro. Cloth. Pp. 113, with 67 illustrations. 
MEASURED IN WATER or EQuivaLenr MEDIA. Minerva Medica, Torino, Italy, 1960. 
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BLoop AND LYMPH SYSTEM 


THEVENET, A., and Viarra, M. L’exploration 
angiographique des anévrysmes artériels. 
Son intérét chirurgical. (Angiographic ex- 
ploration of arterial aneurysms. Its value to 
surgery.) 7. de radiol., d'électrol. et de méd. 
nucléaire, Oct., 1960, 47, 529-539. (From: 
Service central d'Electroradiologie and Cli- 
nique de Chirurgie thoracique des Hópitaux 
de Montpellier, France.) 


New developments in surgical treatment of arterial 
aneurysms increase the need for accurate roentgen- 
ologic investigations of the arterial svstem. 

In only 6 of a series of 20 cases have the authors 
found evidence of aneurysms on standard roentgeno- 
grams and at fluoroscopy, although they carefully 
looked for the characteristic shape, contour, density 
and intrinsic motility, and a search was made for 
parietal calcifications. An injection of opaque ma- 
terial is necessary for the visualization of most 
aneurysms. Angiography demonstrates their exact 
size, shape, location and involvement of collateral 
arteries. All these factors are important in the deter- 
mination of their operability. 

Many angiographic methods have been used with 
satisfactory results: 

I. Standard angiocardiography by intravenous 
injection. A vein of the upper limb is dissected under 
local anesthesia and a large catheter is introduced 
towards the proximal part of the subclaviin vein, so 
that a smaller amount of opaque material is needed. 
The merit of this technique lies in its ut lization of 
the left phase of angiocardiography. For study of the 
abdominal aorta and its branches and of the lower 
limb arteries, the authors acknowledge that the re- 
sults are not always as accurate and sharp as those 
obtained by direct aortic or arterial puncture or by 
selective catheterization, but they emphasize the ad- 
vantages and the safety of the procedure. 

2. Retrograde femoral aortography fo- anatomic 
demonstration of an aneurysm of the thoracic or ab- 
dominal aorta or the iliac artery on the opposite side. 
There is no indication as to whether the arterial 
catheterization is performed after local d'ssection of 
the artery at the site of entry or by percutaneous 
puncture according to the Seldinger method. Even 
though they do not report such an accident, the au- 
thors raise the possibility of an embolic ecmplication 
caused Ьу dislodging a thrombus already present in 
the aneurysm. They suggest that the tip of the 
catheter be placed just distal to the aneurysm, 
which would be shown by reflux of opaque material 
during a fast injection. 

3. Direct abdominal aortography by translumbar 
puncture for the study of aneurysms located on the 
aorta, below the renal arteries, or on the iliac or 
femoral arteries. 
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4. Direct femoral arteriography for investigation 
of aneurysms in the lower limbs. 

Many classifications of arterial aneurysms are pre- 
sented, from the standpoints of etiologv, location, 
morphology, and pathology. Little emphasis 1s 
placed on the differential diagnosis between true and 
false aneurysms (pulsating hematoma).—Pau/ Roy, 


M.D. 


Derrick, JOHN R., AGNew, Corvin H., BER- 
MUDEZ, RAYMUNDO, and Coorev, Ковккт N. 
(Galveston, Texas.) Experimental approach 
to problems of retrograde selective visualiza- 
tion of abdominal arteries. South. M. F., 
Dec., 1960, 57, 1534-1536. 


Visualization. of the abdominal aorta and its 
branches has usually required the use of dangerously 
large amounts of contrast media. The need for defini- 
tive visualization of specific branches of the aorta 
with safety prompted this experimental studv. 

Fifteen dogs were used. In 5 animals the celiac 
artery was partially constricted 1 cm. from the aortic 
orifice; in a second group of § the superior mesenteri^ 
artery was constricted 1 cm. from the aortic orifice; 
and in the remaining § animals no previous surgical 
alteration was performed. 

Nembutal anesthesia was employed and modified 
Lehman catheters were introduced via a femoral 
artery cut-down. The catheters were modified bv 
using a curved mold and heat to produce a smooth 
curve describing an arch of go? to 120° in the distal 
4 to 7 cm. А thin flexible steel stylet was introduced 
to the tip of the catheter to straighten out the curve 
and facilitate passage of the catheter. A polyethylene 
catheter containing 32 per cent lead was found to 
permit good fluoroscopic visualization. 

These modified catheters made it possible to 
visualize all 5 celiac artery constrictions, although 
the catheter was inserted into only 3 of the orifices. 
All 5 of the superior mesenteric arteries which had 
been partially constricted were entered by the tip of 
the catheter. As little as 2 cc. of 70 per cent contrast 
material was adequate with the catheters accurately 
placed in the arterial orifice. 

After some experience, radiopaque catheters can 
be guided to within a few millimeters of the desired 
orifice by the fluoroscopist. In the dog it was found 
that better visualization. of the celiac axis and 
superior mesenteric artery could be obtained with 
the animal in a lateral position, while the supine posi- 
tion was good for visualization of the renal artery. 

Rigid standards of technique, including a ten point 
check list, was deemed important and should be 
studied by anyone contemplating this type pro- 
cedure in clinical practice.— Richard E. Kinzer, M.D. 


Brapy, LurHER W., CHANDLER, Deck E., 
Gorson, Ropert O., and CULBERSON, JOHN. 
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Perivascular extravasation of thorotrast; re- 
port of a case with eleven-year follow-up. 
Radialogy, Mar., 1960, 74, 392-398. (Ad- 
dress: L. W. Brady, Department of Radiol- 
ogy, Hahnemann Medical College and Hos- 
pital, Philadelphia 2, Pa.) 


The most commen complication following the use 
of thorotrast has been the formation of fibrous nod- 
ules and masses after the inadvertent perivascular 
injection of the rad oactive medium. 

The authors repert a case with complications of 
major importance occurring approximately ten years 
after 6 cc. of thorotrast had been inadvertently in- 
jected into the soft cissues of the left side of the neck 
during attempted cerebral arteriography. Later 
studies suggested г congenital aneurysm near the 
junction of the anterior and cerebral arteries. Ten 
vears after the injection the patient was admitted 
with a hard mass in the left side of the neck and with 
neurologic deficit. Sargical excision was done with the 
removal of 46 gm. cf tissue which contained parts of 
the common and iaternal carotid arteries, internal 
jugular vein, and vagus and hypoglossal nerves. 
There was considerable calcification but little post- 
irradiation effect, 1л spite of a calculated absorbed 
dose of 4,000 to :,000 rads, and no evidence of 
malignancy. 

Changes reportec by other authors following in- 
jection of thorotras- into soft tissue are similar, with 
the over-all picture representing a foreign body reac- 
tion resembling that caused by some other material, 
such as silica.—7. C. Moore, M.D. 


GENERAL 


ScHULZ, E., and Besxinp, Н. Systemic deposi- 
tion of metallic mercury. ў. Pediat., Nov., 
1960, 57, 733-737. (From: Diagnostic X-ray 
Department, Clinical Center, National Insti- 
tutes of Health. Bethesda, Md.) 


Two cases of systemic deposition of metallic 
mercury are presented. The portal of entry was not 
determined in 1 case. In the second case it is believed 
to have occurred following right heart catheteriza- 
tion; the roentgen findings were interpreted as indi- 
cating that, during anaerobic blood sampling, some 
mercury inadvertently had leaked into the catheter 
on the right side of tne heart. 

The mercury is dentified by roentgen examina- 
tion and deposits may be seen within the cranium, in 
the neck, and especally in the thyroid gland, heart, 
lungs, liver and sof- tissues. The deposits appear to 
be surrounded by fereign body reaction. 

Neither patient reported here showed evidence of 
systemic ill effects. Chronic systemic toxicity has not 
been observed in cases of metallic mercury deposits. 
Foreign body granu oma formation and emboli occur 
as interstitial deposrts.—fames F. Martin, M.D. 
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Heirzman, E. ROBERT, JR., and Jones, JAMES 
B. Roentgen characteristics of cavernous 
hemangioma of striated muscle. Radiology, 
Mar., 1960, 74, 420-427. (Address: E. R. 
Heitzmar, Jr., Department of Radiology, 
Veterans Administration Hospital, Syracuse 


Io, N. Y.) 


Hemangiomas of striated muscle are not rare, ap- 
proximately 400 cases having been reported in the 
literature. Tae etiology of hemangiomas is obscure. 
The majority of the tumors are present at birth but 
may remain asymptomatic until late childhood or 
early adult ife. They have a predilection for sites 
distal to the elbow and below the knee. The most 
common symptoms are the presence of a mass, pain, 
swelling, and cosmetic change. 

Roentgen changes are present in from 48 to 73 per 
cent of the reported cases. Phleboliths are the most 
commonly encountered findings, occurring in about 
£o per cent, and, when they occur in areas of the 
body where there is normally no plexus of veins, they 
are pathognamonic for all practical purposes. Calcifi- 
cation of the tumor is the second most commonly en- 
countered finding, being present in about 15 per cent. 
The appearance of the calcium deposit may vary 
considerably; however, the presence of an abnormal 
collection of calcium in the soft tissues of the ex- 
tremity of a young person, particularly if there is 
associated cortical thickening or cortical erosion of 
adjacent bone, should strongly suggest hemangioma. 
Bone erosior, periosteal new bone formation, local- 
ized osteoporosis, and cortical thickening may also 
occur secondary to adjacent cavernous hemangiomas. 
In larger hemangiomas, especially those adjacent to 
а layer of overlying fat, the peripheral vessels may be 
seen as tortuous channels outlined against the more 
radiolucent fatty tissue. Occasionally, hemangiomas 
may result in regional hypertrophy of bones and soft 
tissues if the epiphyses have not yet closed. 

Contrast studies of these vascular tumors have 
been recommended to delineate the tumor mass. 
Surgery is the treatment of choice.—Walter H. 
Tarus; 772 MD. 


Jacopson, Hanorp G., Rirkin, Hanorp, and 
ZUCKER-FRANKLIN, DoroTHea. Werner’s 
syndrome: a clinical-roentgen entity. Radi- 
ology, Mar., 1960, 74, 373-385. (Address: 
H. G. Jacobson, Montefiore Hospital, 210th 
St. and Bainbridge Ave., New York 67, 
N. 1 
Werner's syndrome is a condition in which the 

typical patient shows premature aging, shortness of 

stature, thir, spindly, lower extremities, a large 
trunk, and facies characterized by beaking of the 
nose, shallow orbits, and loss of the periorbital con- 
nective tissue. This disease occurs with equal fre- 
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quency in both males and females and becomes 
manifest shortly after adolescence. The : uthors re- 
port a total of 9 cases, 6 of which came t» autopsy, 
adding to the 64 documented cases in the literature. 
The etiology of this syndrome is not knowa although 
some believe it to be based on endocrine d-sfunction. 

Roentgenographic studies show a generalized 
osteoporosis, more extensive in the hands and feet, 
with all the bones small in structure; soft tissue 
atrophy of the upper and lower extremities; hetero- 
topic soft tissue calcification, mostly in the lower 
extremities and about the bony promineaces of the 
ankle; extensive peripheral vascular calcification, 
particularly in the extremities; osteoarthritis of the 
peripheral joints and spondylosis deform: ns; neuro- 
trophic bone changes of the feet, gross “oot defor- 
mities, and frank osteomyelitis, particularly in the 
bones of the feet. Heart abnormalities, including an 
enlarged heart with failure, calcified coronary 
arteries, and valvular calcification, are not infre- 
quent. Pathologic findings include the extensive 
arteriosclerotic changes in the coronary and periph- 
eral vessels. The skin lesions show hypoplastic and 
atrophic changes. А striking finding is the coexistence 
of neoplastic disease, which includes carcinoma of 
the breast, fibrosarcoma of the soft tissue, hepatoma, 
uterine sarcoma, and melanosarcoma of the skin. 
Three of the patients in the authors’ series had asso- 
clated tumors. 

The differential diagnosis must include a number 
of conditions, the most important of which are: 
scleroderma, hyperparathyroidism, arte-iosclerosis 
and diabetes, Rothmund’s syndrome, cataracta 
dermatogenes, dystrophia myotonica, progeria with 
nanism (Hutchinson-Gilford's syndrome , and an- 
hidrotic ectodermal dysplasia. The over-a | roentgen 
and clinical findings in a case of Werner’s syndrome, 
together with the history, should leave | ttle doubt 


about the correct diagnosis.— Donald N. Dysart, 
M.D. 


SCHULTZE, GUNTER, and Lane, Erica К. Dis- 
seminated lipogranulomatosis; report of a 
case. Radiology, Mar., 1960, 74, 428-431. 
(Address: G. Schultze, Departmen- of Radi- 
ology, The Johns Hopkins Hospital, Balti- 
more 5, Md.) 


Disseminated lipogranulomatosis was first de- 
scribed in 1947 by Sidney Farber as a mew disease 
entity. He suggested that this disease might represent 
a bridge between two groups of lipid metabolic dis- 
orders which are etiologically distinct. Ome group is 
composed of the true metabolic disorders such as 
Gaucher’s, Niemann-Pick’s, and Tay-Sachs’ diseases. 
The other group is not primarily metzbolic but, 
rather, is inflammatory and characterized initially by 
granulomatous lesions which subsequent y undergo 
lipid replacement; this includes Hand-Schiiller- 
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Christian’s disease, eosinophilic granuloma, and 
Letterer-Siwe’s disease. 

Farber reported 3 cases. The authors report 1 addi- 
tional case which is similar in all aspects. The patient, 
a fifteen month old Caucasian male, was observed to 
have an early onset of relatively painless swelling of 
the joints without marked inflammatory change, a 
hoarse cry caused by fixation of the laryngeal carti- 
lage by granulomatous tissue, and early alternating 
febrile and afebrile periods. Rapid deterioration 
secondary to pulmonary and central nervous system 
involvement, which usually occurs, was observed in 
the 3 cases reported by Farber. 

The characteristic roentgenographic feature is the 
extensive alteration of all the peripheral joints, mani- 
fested by marked distention of the joint capsules by 
a substance of soft tissue density which sometimes 
may cause subluxation. Juxta-articular erosion of the 
osseous structures may occur due to pressure from the 
firm rubbery tissue which encases the articular carti- 
lage in the form of a pannus, sometimes thickening 
to a nodule. Sections of this tissue show that it is com- 
posed of mononuclear cells, foam cells, and macro- 
phages surrounding an area of hvaline or collagen 
degeneration.—J7. M. McBride, M.D. 


HonrENsTINE, CLARENCE B. Device for regis- 
tering depth of cut in polycassette tomog- 
raphy. Radiology, Mar., 1960, 74, 483-484. 
(Address: McGuire Veterans Administration 
Hospital, Richmond 19, Va.) 


The author describes a device for marking each 
laminagram at its correct depth level when the pro- 
cedure 1s polycassette laminagraphy. One-fourth inch 
lead numbers аге placed 9o? apart in a spiral stair- 
case fashion about a small plastic central rod, with a 
vertical distance of 1.0 cm. separating each number 
from that preceding and succeeding it. This central 
rod is placed within a plastic tube. The central rod 
and plastic tube are cemented to a small base. This 
device is placed beside the patient during exposure. 
The number most clearly registered on each lamina- 
gram corresponds to the actual depth of cut at that 
particular level —_W. M. McBride, M.D. 


KOHNLE, Hans. Wege und Ziele der Róntgen- 
schirmbildstereoskopie. (Methods and aims 
of stereofluorography.) Röntgen Blatter, Nov., 
1960, 73, 321—329. (Address: Moorenstr. 5, 
Düsseldorf, Germany.) 


The Odelca тоо is a fully automatic stereofluoro- 
graphic unit by which a pair of stereoscopic images 
can be obtained. within an interval of 0.07 second. 
Two identical projectors are mounted on a cross 
beam so that their optical axes lie in the same plane. 
The image on each receptor screen can be trans- 
ferred to another room (or lecture hall) by means of a 
built-in swivel action effected by a ball bearing de- 
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vice. Metal markers can be introduced into the field 
for the purpose of demonstrating details. By the 
addition of special graphs marked off in centimeters, 
desired measuremer ts can also be obtained as the 
metal marker traverses the field. The size of the 
stereoscopic images 10X10 cm., is ample for each 
person in the audier ce to obtain adequate visualiza- 
tion of even finer details. For this purpose a roent- 
gen-ray stereocomparator, which can be adjusted to 
accommodate such s ides, 15 required. The use of polar- 
ized light is also essential.— 7. Zausner, M.D. 


Duckett, Guy. Requisites for good x-ray 
cinematography. 7. Canad. Ass. Radiol., 
Dec., 1960, 77 81-83. (From: Jean Talon 
Hospital, Montreal, Quebec, Canada.) 


An outline of conditions to be observed in order to 
produce excellent results in cinematography is pre- 
sented. Under appropriate headings, methods to 
obtain better film recordings with lower patient 
exposure are elucidited, and faulty procedures are 
analyzed. 

I. Roentgen-ray actors: (a) high kv., (b) grid, 
(c) diaphragms, (d) centering. 

High kv. is necessary for particular situations, 
along with a grid and well-collimated beam. The 
beam should be well centered to the image inten- 
sifier. 

2. Image Intensifer: (a) spot, (b) centering. 

The intensifying factor and the contrast in the 
image depend on the vacuum of the tube. Activation 
of the electron vaccum system regularly will permit 
removal of the ""spo-." At all times the relation of the 
roentgen-ray beam со the center of the image inten- 
sifier should be pertect. 

3. Lenses should be both good and fast. 

4. Camera: (a) sturdy, (b) large loading capacity, 
(c) variable speed. 

It goes without saying that a piece of equipment 
used daily should be well constructed. Four hundred 
feet of film should be available for uninterrupted 
work in gastrointestinal series. A film speed ranging 
from 6 frames per s2cond to 60 frames per second is 
recommended deper ding on the examination. 

5. Film Selection: (a) Cineflure, (b) Tri-X, (с) 
Plus-X, (d) Shellbu-st, (e) Cine-Ray. 

Cineflure is a fast and contrasty film. Tri-X is fast 
and contrasty, not :s grainy as Cineflure; it also has 
the advantage of beng used as either a reversal or a 
negative film. PlueX, as well as Cine-Ray, is a 
medium speed film. It is preferred by the author. 
Shellburst is a low speed, low contrast and grainy 
film and requires mere radiation. 

6. Processing: (a; high gamma, (b) sufficient de- 
veloping time, (с) cl»anliness, (d) preservative. 

X-ray developer aappens to be a solution which 
will give a very higa gamma. This is a quantitative 
photographic measure of the contrast obtained with 
processing. It follovs that the film should be fixed 
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properly, and cleanliness in dark-room procedures 
should be respected. 

7. Resolutron Tests: a method of comparing results 
is to check with ordinary screen mesh having 6 lines 
to the centimeter. This should be done regularly as 
a routine. 

This comprehensive study should be profitable 
reading for any radiologist who is now doing or 
contemplatinz cine-roentgenology.— David C. Alf- 
tine, M.D. 


MISCELLANEOUS 


McRae, D. L. Diagnostic x-ray exposures: the 
middle rcad. Canad. M. А. J., Oct. 29, 1960, 
$3, 929—933. (From: Department of Neurol- 
ogy and Neurosurgery, Montreal Neurolog- 
ical Instr-ute, McGill University, 3801 Uni- 
versity St., Montreal 2, Quebec, Canada.) 


Such hysceria has recently surrounded the 
allegedly harmful effects of small amounts of radia- 
tion that some people refuse to have necessary roent- 
genologic exzminations that are essential to their 
life and well »eing. To allay apprehensicn the doctor 
must know the facts about the effects of small 
amounts of radiation on man and must exercise com- 
mon sense in the application of diagnostic roentgen 
techniques. Гог practical purposes the weekly maxi- 
mum permissible dose of whole body radiation is 0.1 
rem. There seems to be no genetic effect, although 
vet unproven, from low doses of radiation to the 
gonads up to 4 rem per year. 

The contrcversy persists partially because the con- 
cept and defmition of radiation dose is not definite 
and because :t is almost impossible to duplicate ex- 
perimental cenditions that have so many variables. 
Also, authors and research workers with different 
backgrounds interpret the same data to reflect their 
own training and experience and therefore unanimity 
of opinion is bard to achieve. 

Common sense dictates that any examination which 
is a critical actor in the treatment of the patient 
should be dor e. Routine or survey type examinations 
with an appreciable gonadal dose should either be re- 
evaluated or eliminated. These include such pro- 
cedures as pre-employment spine examinations, re- 
peated mass chest surveys with the pelvis unshielded, 
annual intestinal examinations of asymptomatic 
executives below the age of 40, pelvic roentgen- 
ography of pregnant women, fluoroscopic examina- 
tions of well babies and children, and fluoroscopic 
shoe fittings. 

The examiaing radiologists and technicians must 
protect themselves by keeping out of the primary 
beam and away from the secondary radiations of the 
patient, and эу being certain always to wear protec- 
tive aprons ard gloves, or standing behind protective 
shields. 

The patient’s gonads must be protected by keep- 
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ing them out of the primary roentgenray beam 
whenever possible, by keeping the part of the pa- 
tient to be roentgenographed as far from the gonads 
as practical, by local shielding of the gorads when- 
ever feasible and by reducing the output of diag- 
nostic machines to the lowest possible level. Special 
consideration should be given to shielding of the 
gonads during dental examinations when the primary 
beam is directed at the region of the gonads during 
roentgenography of the upper teeth, and to the 
elimination of superfluous views about the abdomen 
and pelvis. Properly filtered, calibrated and shielded 
machines must be used along with clean, high speed 
intensifying screens and fast films complemented by 
meticulous dark room technique. Fluoroscopic gonad- 
al exposure can be reduced by intermittent viewing 
and also, the author suggests, by removing the grid 
as its use doubles or triples the gonadal dose to the 
patient. He feels that an equal or greater reduction of 
scattered radiation, and an increase in sharpness and 
contrast of the image can be obtained by using small 
shutter openings. The use of image ampliaers results 
in an even further reduction in radiation exposure.— 


Donald M. Monson, M.D. 


Brown, Ккүмор F., HrsrEp, Jènn, and 
Eaps, WiLLIAM. Number and distribution of 
roentgenologic examinations for 100,000 
people. Radiology, Mar., 1960, 74, 353-363. 
(Address: R. F. Brown, Department of Radi- 
ology, University of California Medical Cen- 
ter, San Francisco, Calif.) 


The increasing use of ionizing radiation in medi- 
cine has reached such proportions that the resulting 
exposure to man requires re-evaluatiom. Gonadal 
doses, in particular, need scrutiny because of the in- 
duction of deleterious mutations by radiation, In an 
effort to arrive at reliable estimates of the gonadal! 
dose contributed by diagnostic roentgenology, the 
authors present a monumental study of the number 
and distribution by age and sex of the diagnostic ex- 
aminations of all members of the Kaiser Foundation 
Health Plan for the years 1956 and 1957. This con- 
stitutes a total of 100,000 registrants for two con- 
secutive years. 

On the basis of Laughlin and Pullman's estimated 
dose per examination, the total gonadal dose was 
calculated as 1.2 to 1.5 r per person, up to the age 
of thirty years. The authors feel that the basic data 
used in this present study are as reliable as those 
employed by the various authors for estmates pub- 
lished in 1956 by the National Academy of Sciences. 
It would seem that the gonadal exposure up to age 
thirty of the population of the United States lies be- 
low the 4.5 r "probable average" which is widely used 
and quoted. 

The authors conclude that a gonadal dese of below 
1.5 r during the course of thirty years is readily at- 
tainable without altering the present use of diag- 
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nostic roentgenology. Also, if roentgenologic ex- 
aminations are based on medical indications and if 
the proper equipment and technique are used, an 
average gonadal dose of less than оо mr in thirty 
years could be achieved.— Edward В. Best, M.D. 


Biarz, Hanson. A comprehensive radiation 
control program in New York City. Radi- 
ology, Mar., 1960, 74, 474-479. (Address: 
Office of Radiation Control, 386 Fourth Ave., 
New York 16, N. Y.) 


A Radiation Health Code has been in effect in 
New York City since June, 1958. The code provides 
for registration of all radiation sources within New 
York City and requires compliance with recommen- 
dations of the National Committee of Radiation 
Protection. Over 12,000 installations were registered 
during the first few months of operation of the code. 
The radiation control problem in New York City is 
twofold. One part consists in administration of the 
Health Code to make certain that radiation workers, 
medical and dental patients and the general popula- 
tion are not being unnecessarily exposed to radiation 
and radioactive materials. The second part of the 
problem calls for plans to guard against some of the 
adverse effects of radiation incidents and accidents. 

Inspection of registered installations has uncovered 
a number of deficiencies. An alarming number of 
roentgenograms were being taken without adequate 
collimation of the roentgen-ray beam. Barriers to 
protect technicians were not always present and, 
when available, were not always used. Some unsatis- 
factory installations have been found. Twenty-seven 
per cent of the installations in New York City have 
roentgen-ray equipment over twenty years old. 
Structural shielding in many of the older roentgen- 
ray therapy installations has been found to be inade- 
quate. A conversion period of not more than five 
years from January, 1957 1s recommended. All neces- 
sary modifications should be completed within this 
time. A public and professional educational program 
is being conducted. Copies of Handbook 60 have 
been supplied to physicians and dentists. Informa- 
tion bulletins have been prepared listing the most im- 
portant rules for each type of equipment, including 
medical, roentgenographic, dental, mobile, therapeu- 
tic and fluoroscopic.—Arno W. Sommer, M.D. 


ErkiNp, Mortimer M. Cellular aspects of tu- 
mor therapy. Radiology, April, 1960, 74, 
529-541. (Address: National Cancer Insti- 
tute, Bethesda 14, Md.) 


This is a highly technical paper, of particular inter- 
est to radiobiologists, in which experimental studies 
of the effects of irradiation of tissue cultures (using 
two established cell lines of the Chinese hamster) 
have shown that a surviving cell can completely re- 
pair the sublethal events which it has experienced at 
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the time of exposure before the first postirradiation 
division, and that twenty-four hours is enough time 
for sabstantial, if nct complete, recovery of surviving 
cells in the culture. 

When the recovery effects observed in a culture 
are used for a thecretic analysis of tumor therapy, 
it is found that the total dose required to reach a 
given survival leve is predicted to increase rapidly 
with the number cf treatments. This is in general 
agreement with the variation of tumoricidal doses 
with number of treatments observed in practice. 
This, in turn, suggests that the relationship between 
total dose for a given survival and total number of 
treatments, the “‘isosurvival” curve, is the same as 
the relationship between tumoricidal dose and total 
number of treatments, the “‘isoeffect” curve, thus 
reinforcing the view that radiotherapeutic effects 
can be evaluated on the basis of cell survival. 

In addition to the derivation of isosurvival curves, 
the quantitative evaluations of cellular survival and 
recovery permit estimat ons of the effects of under- 
treatment for a given dosage schedule. In practice, 
undertreatment may result from an underestimation 
of the influence of recovery on the total dose required, 
or from an inabilitr to complete a given treatment 
course due to patient response. Ín those cases in 
which the principle of treatment to tolerance is em- 
ployed, but without success even when a limited 
field is involved, it is reasonable to believe that the 
delivery of a larger total dose could have been suc- 
cessful. On the basis of survival criteria, it is not pos- 
sible at this time to estimate quantitatively when the 
limit of tolerance will be reached in a given case. If it 
is assumed, however, that patient tolerance can be 
associated with lethal injury to normal tissue, then it 
is possible to show that significant insights on a rela- 
tive basis with regard to different courses can be 
obtained from survival criteria which duly account 
for cellular recovery. 

The object of this paper is to develop such insights 
through the applic: tion of the results of tissue cul- 
ture studies to the therapy problem. The survival 
curve theory, a brief description of the experimental 
techniques, data on the survival and recovery of cells 
irradiated 77 vitro, aad the application of the observa- 
tions to therapy are presented.—JF alter H. Jarvis, 


yr. M.D. 


Court-Brown, W. M., Dott, R., and Hitt, A. 
BRADFORD. Incidence of leukaemia after ex- 
posure to diagrostic radiation zz utero. Brit. 
M. J., Nov. 26, 1960, 2, 1539-1545. (From: 
Medical Research Council's General Effects 
of Radiation Research Unit, Western Gen- 
eral Hospital, Edinburgh, Scotland.) 


Pregnant women who received diagnostic irradia- 
tion directed towarc their abdomen or pelvis between 
194€ and 1956 were identified in the records in the 
radiological departments of eight hospitals in London 
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and Edinburgh. The live births from these preg- 
nancies were checked against the names of all child- 
ren who had died of leukemia in Britain between 
1945 and 1958. 

Information was obtained about 39,166 live-born 
children. Nine of these were discovered to have died 
of leukemia before the end of 1958. The expected 
number was estimated to be 10.5. There was no evi- 
dence of any disproportionate occurrence of leukemia 
among the children who had been most heavily ir- 
radiated nor among the children who had been ir- 
radiated early in intra-uterine life. 

Itis concluded that an increase of leukemia among 
children due to roentgenographic examination of 
their mother's abdomen during the relevant preg- 
nancy is not established.—George Tievsky, M.D. 


Росніх, E. Екс. Leukaemia following radio- 
iodine treatment of thyrotoxicosis. Brit. 
M. T., Nov. 26, 1960, 2, 1545-1550. (From: 
Medical Research Council Department of 


Clinical Research, University College Hospi- 
tal Medieal School, London, England.) 


During the past 20 years 60,000 patients have been 
treated for thyrotoxicosis with radioiodine. Reports 
have already been published of 8 cases of leukemia in 
patients who have undergone such treatment. The au- 
thor attempts to (1) assess the number of cases that 
would be expected to have occurred in the United 
Kingdom purely on a chance basis, whether radioio- 
dine treatment has been given or not and (2) to 
establish the total number of cases that have, in fact, 
occurred in the United Kingdom, United States, 
Canada, and Austria. 

Leukemia is known to have developed in 18 pa- 
tients treated with radioiodine for thyrotoxicosis in 
these latter countries from a total of 60,000 thyro- 
toxic patients treated. 

Application of natural leukemia rates appropriate 
to the sex, age and nation of these patients suggest 
that approximately 21 cases of leukemia would be 
expected to have occurred fortuitously among them 
whether radioiodine had been given or not. Eighteen 
cases were known to have developed following 
radioiodine therapy as uncovered by this survey. 
The intervals between radioiodine treatment and 
diagnosis of leukemia are consistent with a chance 
distribution. 

Of the 17 cases in which the type of leukemia is 
known, 13 were diagnosed as acute, a proportion 
slightly higher than that to be expected on the basis 
of data for England and Wales, on the frequency of 
acute leukemia in a normal population of correspond- 
ing age and sex. 

These estimates are believed to indicate that the 
present known records of cases in which leukemia 
has followed radioiodine treatment of thyrotoxicosis 
give no indication that this treatment is inducing 
leukemia. At the same time they clearly do not ex- 
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clude this possibility since the total number of cases 
of leukemia might greatly exceed the number at pres- 
ent known to have occurred. 

The only value of this report, according to the au- 
thor, is in showing that the information at present 
available appears to give no indication of the induc- 
tion of leukemia by radioiodine treatment of thyro- 
toxicosis. The author emphasizes that it seems im- 
portant that the quantitative aspect of this question 
shall be studied more widely and kept under review, 
not only to detect or estimate the frequency of any 
leukemia induction that might occur, but also be- 
cause the total of patient-years experienced since 
treatment is increasing rapidly in all countries con- 
cerned and many more cases of leukemia will occur 
fortuitously among these patients during the next 
few years. Unless the likely scale of this increase is 
appreciated there is some risk that the mere multi- 
plication of case reports will seem to atford evidence 
that leukemia is being induced by the treatment.— 


George Tievsky, M.D. 


Lewis, T. L. T. Leukaemia in childhood after 
antenatal exposure to x rays; survey at 
Queen Charlotte’s Hospital. Brit. M. F., Nov. 
26, 1960, 2, 1551-1552. (From: Department 
of Obstetrics and Gynaecology, Guy's Hospi- 
tal, London, England.) 


To test the validity of the statistical report of Dr. 
Alice Stewart and her co-workers concerning the in- 
creased incidence of leukemia in children who have 
been irradiated zz utero, the author undertook an in- 
vestigation into the incidence of leukemia in children 
who were born at Queen Charlotte's Hospital. 

At the time of Stewart's first paper about 25 per 
cent of the babies born at Queen Charlotte's Hos- 
pital were being irradiated in utero. Osborn and 
Smith (1956) estimated that not less than 16 per 
cent of pregnant women in England and Wales had 
an obstetric abdominal roentgenographic examina- 
tion. Thus if antenatal irradiation is a cause of leu- 
kemia subsequently in the child there ought to be a 
greater incidence of the disease in children who had 
been born in Queen Charlotte’s Hospital compared 
with the national average; more leukemic children 
should be found in those who had been irradiated 
than in those who had not. Of 12, 657 non-irradiated 
control cases up to six years of age, 7 deaths from 
leukemia occurred, an incidence of т in 1,808. Of 
4,291 irradiated cases over the same period of time, 1 
death from leukemia occurred, an incidence of 1 in 
4,291. 

The author concludes that although the figures ob- 
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tained so far are not large enough to show a tendency 
for irradiation of the fetus to cause I case of 
leukemia in 40,000 births, they do show that the 
tendency is not very much greater.—George Tievsky, 


M.D. 


Bean, R. H. D. Phenylbutazone and leu- 
kaemia; possible association. Brit. M. F., 
Nov. 26, 1960, 2, 1552-1555. (From: Re- 
patriation General Hospital, Heidelberg, Vic- 
toria, Australia.) 


Six cases of leukemia occurring in elderly males 
are reported following the administration of phenyl- 
butazone. The author states that this may entirely be 
due to chance, but the fact that this group of cases 
has been observed in a relatively short period in a 
medical service, the clientele of which is largely 
limited to veterans of the 1914-18 and 1939-45 wars 
must be given some weight. 

If in these patients phenylbutazone is active as a 
carcinogen, then this is a result of a dose and a dura- 
tion of treatment that have varied from 10 grams 
over a three week period in Case 1, to some hundreds 
of grams in four years in Case rr. 

All patients were elderly and rather poorly nour- 
ished. Tuberculosis was present in 3 of these pa- 
tients. A third feature of importance was the 
bizarre clinical and histologic picture present. In the 
more acute cases the peripheral blood film and bone 
marrow morphology were atypical and difficult to 
interpret. Bone marrow aplasia and hemolysis were 
associated with the illness in at least 3 out of the 6 
cases. In the first 4 cases and the last one, the leu- 
kemic phase was extremely short and treatment ap- 
parently produced at the best transitory improve- 
ment.—George Tievsky, M.D. 


М АснАТА, С. Rascher Nachweis einer Thoro- 
trast-Intoxikation. (Rapid demonstration 
of thorotrast intoxication.) Wien. klin. 
I'chnschr., Nov., 1960, 72, 809-810. (From: 
Institut für Gerichtliche Medizin der Uni- 
versitat Wien, Vienna, Austria.) 


Analysis of biopsy material by means of a gamma 
spectrometer and scintillation counter gives rapid in- 
formation concerning retained amounts of thorium as 
well as its disintegration products. Comparison of the 
energy spectrum with a known standard furnishes 
the quantitative measurements. The equipment used 
in this study was obtained from Nuclear Chicago 
Corporation.—7. Zausner, M.D. 
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Since Keleket X-Ray introduced the new dimension in diagnostic x-ray — 3000X intensification 
— many importan: installations have been made. The Keleket nine inch image intensification 
system was selected because: 


1. А brighter, more detailed image with 
Keleket-pioneered 3000 times gain*. 


2. Dramatic dose sav ngs with two millisec- 
ond x-ray beam pulsiag for cine, T.V., and 





Tracerlab 
K 


ELEKET 


normal fluoroscopic viewing. — WS For further information on Keleket 


Nine Inch Image Intensification 
Systems or the economical FIVE 
INCH model, contact your nearest 
KELEKET Representativeor write 


to: 
KELEKET 
X-RAY CORP. 


1601 Trapelo Road 
Waltham 54, Mass. 


Representatives in all 
principal cities. 


3. Keleket optics: 2 ey2 viewing, easy image 
pickup...no ''lost images” or blind spots. 


4. A ‘‘technique-oriented’’ control center 
within finger tip reach. 


5. Automatic Brightness Control cannot be 
"'fcoled'' by variations in room lighting, etc. 


6. Cine films that are diagnostic from the 
first frame. 


7. Orthicon quality Т.У. with low cost, long À 
life, Vidicon pickup. 





8. instant, single control changeover to 
cine or T.V. 












9. An intensifier system that has already 
proved itself in thousands of hours of di- 
agnostic use. 

10. Outstanding Kelekat experience, service 
and quality. 
*Overall system gain 


with TV vidicon 
approaches 60,000х. 





In hysterosalpingography 'Fthiodol is the drug of choice, 
both from a diagnostic and a therapeutic point of view" 


In a recent clinical study, the marked increase in 
pregnancy success rate demonstrates "the thera- 
peutic superiority of Ethiodol hysterosalpingography 
over hysterosalpingography with other radiopaque 
media or carbon dioxide insufflation in the treat- 
ment of infertility." 


Ethiodol is preferred because .. "It is an ideal radiopaque medium for hys- 
terosalpingography. Because of its much lower viscosity it is preferable to... any 
other oily radiopaque medium. X-ray films with Ethiodol give... much better de- 
fined contrast than with any of the aqueous, acacia, or other water soluble media."* 


. & 
Ethiodol brand of ethiodized oil, is the ethyl ester of the 


iodized fatty acids of poppy seed oil, containing 37% iodine. It is available 





in 10 cc. ampules, boxes cf two. A development of Guerbet Laboratories. 


Bibliography: 1. Finegold, Wilfred J.: Internat. J. of Fertil. 3:143 1958 
2. Palmer, A.: Internat. J. of Fertil. 4:365 1959 


uM ER: b 





Е. Fougera & Company, lnc., Hicksville, Long Island, N. Y. 


Your dream of an 
x-ray darkroom... 


... Made reality by 
General Electric 
Modulux cabinets! 





















Darkrooms for the most discriminating! 
These cabinets promote methodical 
habits in film handling, proven key to 
darkroom efficiency. And flexible G-E 
custom installations provide completely 
integrated facilities, second to none in 
performance. 

Here you find cabinetry at its finest 
... Solid, heavy-duty steel, built to shrug 
off daily wear and tear... richly finished 
in gray enamel. Work tops can take it 
— they’re tough Textolite® or linoleum 
if you prefer. All kinds of options: 
stainless-steel wall shields, built-in safe- 
lights, provision for flush-mounting your 
film imprinter, concealed trash recep- 
tacle, many more. 

Help in planning goes right through 
to actual blueprints at no additional 
cost. That holds whether you choose 
G-E Modulux cabinets or our regular 
line of sectional metal units. Go over 
your darkroom soon wita your G-E 
X-ray representative. Or write for infor- 
mation to X-Ray Department, General 
Electric Company, Milwaukee 1, Wis., 
Publication A-56. 





beyond its ability to double 
— even triple — the caseload 
you can handle 


only in the Picker 21е llite — system - | 


can you find all this | | p 












þere where, seated comfortably behind 
a radiation shield, you're in fatigue-free — 
command of all fluoroscopic maneuvers 
and cinerecording i 


fluoroscope at tableside any time you * 
think you're needed there 


3 
provides a sharper, bri ghter image 





А | 
because the screen close-contacts the patient 





lets you apply compression and still 


retains the PA image 








get the details of these and other advantages 
of the Satellite System from your local Picker representative 
or write Picker X-Ray Corporation, White Plains, New York. 
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Require The Very Finest 








(300 MA at 150 KV) 
(500 MA at 125 KV) 





Protexray designed the Jupiter-150 not only to meet 
the zenerally accepted specifications of first-line equip- 





mert, but also to incluce (as built-in features) many A truly 

"extras" normally available only at additional cost, E А 

plus exclusive features found on no other apparatus: as маке 
отропепї 


€ Single Direct-Reading МА Meter (patent pending) adds 
up to 12,000 extra chest exposures to normal life ex- 
pectancy of your x-ray tube. 


engineered to 
:ssure years of 


accurate, 
® True 1/120-second timer with increments of 1, 2, 3 or :onsistent 
_ 4 impulses — guaranteed accurate to .0005 seconds. adiography in 
è Optimum phase angle contacting eliminates surges, ef- he busiest 
fects longer tube life. Jepartment. 
© Accurate fluoroscopic МА calibrations facilitate precise comparable 
low МА image intensifier work. only with the 
finest, first-line 





€ Separate fluoroscopic КУ with integrating timer. зррагаћиѕ 





€ Instant operation — no warm-up necessary. 
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Volume I (1903-1937)* $30.00 Order From: 
CONSOLIDATE Volume № (1938-1942) 10.00 CHARLES C THOMAS + PUBLISHER 
E ч Volume МЇ (1943-1947) 22.50 301-327 East Lawrence Avenue 
Volume IV (1948-1952) 23.50 Springfield, Illinois 


Volume V (1953-1957) 25.00 


(Purchasers outside U.S.A. should send cash 
with order. Delivery, postpaid, guaranteed.) 


* Volume I supplied only in orders for complete set (Volumes I-V) 















The FAX-RAY JUNIOR is the newest development 
in FAX-RAY processing systems. The unit is a product 
of extensive research and engineering to better 

serve the needs of radiologists. g 





OSCAR FISHER COMPANY, INC. 


NEWBURGH, NEW YORK, U.S.A. 
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month after month the Micropaqi CO ascends. 
clearly, users find it good. M and г О: е f them every day. And they 


keep coming back for more. 
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Sound reasons wh 


try it on your next оу хе GIs 


If you’re not converted on performar : 


“like painting with barium” 





PICKER X-RAY CORFORATION, 25 SOUTH BROADWAY, WHITE PLAINS, N. Y. 


FROM MALLINCKRODT 


DITRIOKON 


Brand of sod um diatrizoate and diprotrizoate injection 


Ә 























MALLINCKRODT CHEMICAL WORKS 


meets the viscosity problem...less than 
l^ as viscous as other contrast agents 


"At this moment І regard Ditriokon 

as the best contrast material available for 
the perpose of rapid injection through 
small bore tubes, in view of its excellent 
tolerance by patients.''! 


Ditrioxon possesses optimum balance of 
viscosity and iodine content. It"... could be 
given rapidly and with ease at 1% seconds 
even in 50 cc. amounts," ? and, in general, 
contrast is ‘‘... good with occasional 

very excellent and dense opacifications.'"? 


Mallinckrodt pioneers in the field of 
radiopaque media. 


MIOK@N® for intravenous urography 
PYELOKON-R ? for retrograde pyelography 
THIXOKON? for urethrography 





REFERENCES: 


1. Melvin M. Figley, M.D., U. of Wash., School 
of Med., Priv. Comm., March, 1960. 

2. Israel Steinberg, M.D., N.Y. Hosp. Cornell 
Med. Center, Priv. Comm., Oct., 1959, 

3. J. Stauffer Lehman, M.D., Hahnemann Med, 
Coll. гга Hosp. of Philadelphia, Priv. Comm,, 
Jan., 960. 


St. Louis • New York • Montreal 


Vil 





"There are three main advantages 


inthe use of TELEPAQUE: 


1. Excellent cholecystegrams are readily obtainable. 


2. The side reactions гге usually minimal, only rarely 
very disturbing, and often completely absent. 


3. In a fairly large percentage of cases, the cystic and 
the common ducts are quite definitely outlined, 
and occasionally even the hepatic duct." 


Buckstein, Jacob: The Digestive Tract in Roentgenology, ed. 
2, Philadelphia, J, B. Lippincott Co., 1953, Vol. 2, p. 1003. 


superior oral . 
cholecystography and 
cholangiography 
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A superb unit you'll be proud to own 3 


Handsome and efficient, the Theratron “F” 
is the most advanced and versatile 
unit available for Cobalt GO teletherapy. 


You'll appreciate = 

Ө The Short treatment times 
made possible by the high output 
of the Theratron "F'''s 
8000 R H M capacity - 


The convenience of dialing any field 
size and shape you need with 
the exclusive 8-sided diaphragm - 


. P PLE 
PIU La est sn 4: 
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The time saving ease of patient fe. А ; * y е; "T үт! et ut ШШ ТТ 
positioning with the built-in a | 


Г. EC ie 


pertormance is the recognized 
high quality ot A.E.C.L. engineering. 
This is backed by an unmatched 
record of experienced service 
throughout the world. 


РІеаѕе write for the attractive 
brochure describing in detail, 
all the many features of this 
magnificent piece 

ot equipment. 
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COMMERCIAL PRODUCTS DIVISION P.0. BOX 93 OTTAWA, CANADA 





IHE | NEW | PHELAN PHASIC 





A. 
B. 


C 
D. 
E 


DYE INJECTOR 


is ready to help you by demonstrating its su- 
perior quality and simplicity of construction. 
Use this piece for thirty days and convince 
yourself that it is the best value on the market 


today in a phasic dye injector. 


The component parts of the injector are: 


Pressure regulator gauge. 


Momentary switch to energize solenoid valve. 


. Solenoid switch operating on 115 V. 


Air cylinder—power source. 


. Adjustment for graduating amount of media 


expressed. 


. Micro switch to deenergize solonoid valve. 


. Pilot light operating simultaneously with 


syringe. 


. Syringe. 100 cc capacity furnished with unit. 


(50 ce capacity available at extra cost.) 


CO. gas recommended for use. Never use 


oxygen. 


The complete unit is adjustable for height on its vertical standard. Mounted on steel base 


with baked enamel finish—supported by four conductive castors. 


Price—$440.00, f.o.b. Minneapolis. Includes everything pictured with the exception 


of the pressure bottle. 


For further 


information write 


PHELAN MANUFACTURING CORP. 


or phone collect 2523 Minnehaha Avenue Minneapolis 4, Minnesota 





NOW... 


high speed with high definition 


in a new and superior intensifying screen! 


ILFORD FAST 
TUNGSTATE SCREENS 


These new screens achieve a combination of qualities never before 
available. They are the result of over 35 years of Ilford 
experience in manufacturing high quality intensifying screens. 
Specifically, Ilford Fast Tungstate Screens offer: 













_ Due to ) unusually a | ILFORD 
definition is higher than | ve 
TUNGSTATE SCREENS 


nat Lee, any screens | with half 971 


15.4 х 30,5 ст. 





tatic R йоча. А COEM com- _ | 
pounded coating dramatically reduces : 
. the incidence of static induced byi un- | 
- loading cassettes. q 





: Durability. The useful life of hee (t 
screens has been substantially ex- | 
tended. 5y their tough stain- and | : 

- abrasion-resistant surface. l 


E ЕАИС R ИГ E N NNN a 


Next time you order intensifying screens, specify Ilford Fast Tungstate 
and solve ycur screen problems once and for all! 


ILFORD ING. 37 WEST 65th STREET, NEW YORK 23, N.Y. 


IN CANADA: CANADIA DISTRIBUTORS FOR ILFORD LIMITED, LONDON: W.E. BOOTH COMPANY LIMITED, 12 MERCER ST., TORONTO 2B. 
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UNIVERSAL 
AUTOMATIC 
SERIOGRAPRPE 





The Automatic Seriograph is used for a variety of procedures. Illustrated 
is angiocardiography. The patient may be placed in a variety of positions. 


The technic used in the above radiograph 
was as follows: L.A.O., 300 MA, 75 KV, 
1/10 sec exposure, hi-speed screens or 
equivalent, 8 films 11” x 14” size, 36 inch 
distance. Distribution: The Seriograph is 


the 


distributed by all major x-ray companies 
and their dealers. Address your inquiries to 
them, or to Automatic Seriograph Corpora- 
tion for additional information and an 
illustrated brochure on Model 110. 


AUTOMATIC SERIOGRA KS a CORP. 
4900 Calvert Road * College Park * Maryland 
A SUBSIDIARY OF LITTON INDUSTRIES 


A matter of 
great importance 
to users of 


Х-ОМАТ and PAKOROL-X 


Roller Processors 


The Type-3 Graph-O-Mat system for processing 
x-ray film is the only chemical system that... 
1. Has been formulated exclusively for use in 
all roller processors. 2, Solves the problem of 
excessive contrast. 3, Offers the only harden- 
ing developer formulated to work specifically 
with all medical screen type films. 4. Keeps 
machines cleaner. Eliminates jams caused by 
chemical build-up on rollers. 








Write for current price list and X-Ray Bulletin No. 3. 
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TYPE 3 GRAPH-0-MAT 


5 U.S. GALLONS CONC. 


MAKES 20 GALLONS 


TYPE 3 GRAPH-0-MAT' 
DEVELOPER 


REPLENISHER 
5 U.S. GALLONS CONC. 


MAKES 20 GALLONS 









PHILIP A. HUNT COMPANY oo" PHILIP A. HUNT COMPANY 


PALISADES PARK, 
PALISADES PARK, NEW JERSEY. MADE IN U.S A NEW JERSEY. MADE IN U.S.A 





PHILIP A. HUNT COMPANY 


PALISADES PARK, NEW JERSEY 
BRANCHES IN PRINCIPAL CITIES 
in Canada: Philip A. Hunt Company (Canada) Ltd., 207 Queen's Quay West, Toronto 
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WANTED IM SURGERY.....WANTED IN 


New General Electric 


MOBILE EP-3OO 


x-ray mobility with safety in 
any hazardous atmosphere! 





Full-range radiography rolls right into surgery—with never a worry about 
explosion hazards. Wherever and whenever it’s needed, the new General 
Electric Mobile EP-300 is ready to serve both surgeon and radiologist. 
New design features make the unit wonderfully easy to handle—keep 
technic simple and sure when every minute counts. With full 300-ma 
power, radiographs are consistently sharp and clear. 

Outside the operating room, many hospitals will find added uses for 
this versatile x-ray generator—with no technical compromise. With a 
spare Bucky table, for example, it augments regular radiographic facilities. 
Other possibilities: cast and urological radiography. For these applications , 
and others, the new EP-300 gives you wide radiographic flexibility. A 
discussion of some of the features, on the following pages, offers proof. 


GENERAL C ELECTRIC 
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eneral Electric Mobile ЕР-ЗОО 


Provides the extra maneuverability required for radiography of 
the immobile surgical patient . . . power for the heaviest parts . . . 
speed, with simplified controls . . . and safety in locations where 
anesthetics are being used. 


Will carry U/L approval for 
Class 1, Group C atmospheres 


Power and control components are sealed her- 
metically within an atmosphere of nonflammable, 
nontoxic gas under positive pressure. Safety de- 
vices protect against both leakage and a buildup of 
pressure. Protection is further assured with G.E.'s 
newly developed explosion-safe tube unit. 





Motorized technic selection 


The revolutionary control panel eliminates the voltmeter 
because of internal, automatic line-voltage compensa- 
tion . . . provides motor-driven exposure selector for 
twelve kilovoltage settings (50 to 125 kvp), six milli- 
amperage settings (3 to 300 ma), and twenty-four time 
settings (1/60 to 5 seconds) which automatically reset if 
the selected technic exceeds tube capacity. X-Ray Value 
Scale (XVS) calibration permits use of simplified technic 
developed by Gerhart S. Schwarz, M.D. (Radiology 
73:749—760, Nov., 1959). 


СЭ MOBILE EP-3OO 


designed with 


ЖА 


чем йар ЕТОМ атс 





extra efficiencv.... 


“Оп location” in minutes— with ease 


The use of inert gas in place of heavy oil to insulate 
the generator greatly reduces overall weight. This, plus 
large-diameter wheels and a lower center of gravity, 
makes the EP-300 really mobile. A safety plus is 
provided by a braking system actuated automatically 
when the handle is released. 





This new “E?” x-ray tube unit 
for hazardous locations packs real power —up 
to 500 ma ove- a range from 50 to 125 kvp. 
The unit is U/L-approved for operation in 
anesthetizing locations. For extra protection, 
it incorporates a special pressure switch to pre- 
vent an exposure from being made should out- 
side gases ever enter the tube unit. 

As installed on the General Electric EP-300 
Mobile X-Ray Unit, or in permanent operating 


...lor x-ray safety 1n surgery 


room in:tallations, the compact, functional de- 
sign of this tube unit makes for easier positioning 
to save time in surgery. It has concentric focal 
spots in 2 choice of combinations (1.0 and 2.0 mm 
or 1.5 ard 1.5 mm) for maximum versatility. 

For full details on these new operating room 
x-ray devices, contact your G-E x-ray repre- 
sentative. Or write to X-Ray Department, 
General Electric Company, Milwaukee 1, Wis- 
consin, Room 1104. 


Progress s Our Most Importaat Product 


GENERAL G ELECTRIC 





formulation of Vinyl and Lead 


Produced.in rolled sheeting and made intc radiation protection aprons for per- 
sonal protection and into other products for medical and industrial applications. 


EXCLUSIVE FEATURES: 


10% lighter in weight, compared to lead for same lead equiv. 
Sanitary, non-absorbing, smooth surface both sides. 

Indefinite shelf life. No aging of material. 

Uniform density throughout. 

Extremely flexible and pliable. Drapes readily. 

Acid and alkali resistant. 

Odorless. H. Abrasion resistant. 

Material and workmanship guaranteed for one year. 





. | TECHNICAL DATA 


ө Lead equivalence—tested per Federal specifications. ZZ-C-458. 
NOMINAL THICKNESS MINIMUM LEAD EQUIVALENT 
.030" (1/32) .25mm 
.060" (1/16") .SO0mm 
.120" (1/8") ` 1.00mm 
e No change after exposure to 1,000,000 roentgens; no change 


after exposure to Ultra Violet and Infra Ray. 

No change after alternate freezing and heating. 

Density 4.60. 

Tensile strength 1400 Ibs. per square inch. 

X-ray laboratory tested for compliance with specifications. 
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SOLD THROUGH YOUR DEALER 


PATIENT'S APRONS-—PRICE LIST 


Single Ply—for medical and 


tions. Furnished with two bead chain fasten- 
ers with alligator clip each e 
as required. 


Cat. Description 
No. 


B913 12” x 12"— 25mm lead equiv. 


В914 12” x 18"—.25mm lead equiv 


В915 12” x 24"—.25mm lead equiv. 


B916 18" x 24"— 25mm lead equiv 
В917 12” x 12”—.50mm lead equiv 
B918 12” x 18"—.50mm lead equiv 


B919 12” x 24"—.50mm lead equiv. 


B320 18” x 24"—.50mm lead equiv 


We invite inquiries for special applications 


SEND FOR OUR 


You are cordially invited to visit our plant and tour its facilities 


BAR-RAY PRODUCTS, 


209-25th Street, Brooklyn 32, N.Y. 





dental applica- 


nd for attaching 


Ship 
Wt. 


2 Ibs. 
А 217, Ibs. 
3 Ibs. 
А 3!/ Ibs. 
3 2/5 Ibs. 
А 3!/, Ibs. 
4 165. 
. 51⁄4 Ibs. 





LATEST CATALOC ^ 


INC. 


Telephone: SOuth 8-1020 








silent consultant 


Silent —but its performance speaks for it—clearly and eloquently. The virtues of Ansco 
High-Speed X-ray Film lie at the root of the radiclogist's needs: high-speed for minimum 
radiation dosage; greater definition and fine detail for meticulous, accurate interpretation. 
Your Ansco Technical Representative will be happy to demonstrate the qualities of Ansco 
X-ray Films. Call your local dealer, or write Anscc, A Division of General Aniline & Film 
Corporation, Binghamton, N. Y. 


MANUFACTURER OF WORLD FAMOUS HIGH-SPEED X-RAY FILM 





MODERN SYSTEMS FOR | 
X-RAY FILM PROCESSING 


For AUTOMATIC 
Processing 


Pakorol-X 


Processor 


The new Pakorol-X is a com- 
plete small, compact, low-cost 
system featuring fully auto- 
matic hangerless processing and 
drying. It's fast and quiet — 6% 
minutes total processing and 
drying time for any brand of 
screen film. Satin finish stainless 
steel. AVAILABLE FOR RIGHT HAND 
OR LEFT HAND INSTALLATION. 





For MANUAL Processing 


: " JV) Model 39 X-Ray Filmtanx 


'The Model 39- X-Ray Filmtanx provides an 
efficient system for film processing. For 
cleanliness it's stainless steel throughout. 
Individual tanks with tempering cells and 
drain valves. Easy to get at control and 
plumbing connections. Sixty or more radio- 
graphs an hour. AVAILABLE FOR RIGHT HAND 
OR LEFT HAND THRU THE WALL INSTALLATION. 





For consistent top quality control, Pako offers a com- 
plete line of associate products for chemical mixing 
and handling, circulation-filtration and automatic 
temperature control. 





Contact your Pako Distributor, or write directly to Pako Corporation. 


PAKO CORPORATION 


6300 Olson Memorial Highway * Minneapolis 40, Minnesota 
PAKO FOR PROGRESS 
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for upper G.I. studies — 


D D) is unaffected by changes in pH: no 
ARON AG TT precipitation or clumping. Delinea- 
ion of the nugae of the stomach is extremely good, and the stomach 
val) is covered so that no portion is left uncoated. 
E BAROTRAST passes from the stomach to the duodenum in a smooth 
low through the pyloric sphincter. The duodenal cap is completely 


lelineated to illustrate possible craters or ulcerations verv clearly 











BAROTRAST 
a product of 





BARNES-HIND 
BARIUM PRODUCTS CO. 





895 Kifer Road 
Sunnyvale, California 
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SIEMENS 





== єх" E High Speed 
= ^ Diagnostic 
Equipment 


KLINOGRAPH 


15° tilt table 

Motor-driven top 

Catapult Bucky 

Siemens Collimator 

for under-table tube 

Spotfilmer with moving grid for 
9x10" 30"x12" 14° x14" 
Reliable IONTOMAT 

for automatic exposure 

Cough guard 






TRIDOROS 5 


Three-phase generator 
125 kV max. 

700 mA max. 

For two X-ray tubes 
Unique controls 
Variable load protection 


SIEMENS NEW YORK INC., EMPIRE STATE BLDG., NEW YORK 1-N.Y. 


p 


for operative cholangiography and hysterosalpingography 


Not too dense as to mask pathologies. Well tolerated, completely absorb- 
able, suitably viscous, aqueous and miscible, more and more Medopaque 
is becoming the contrast medium of choice. 


MEDOPAQUE is an aqueous, sterile, viscous contrast solution containing 35% Sodium 
Ortho-iodohippurate, 10% Sodium Iodide and a blend af polyethylene glycols. Net 
iodine content 20%. Е 





ВЕШ -СВАІС, inc. 


Manufacturing Chemists 


270 Lafayette Street, New York 12 
(С) 


In Canada: GILBERT & CO., Ltd., Toronto 9 


Elema-Schonander 





rollfilm changers 
cutfilm changers 

catheterization tables 
high-pressure syringes 


electro-medical units 


For additional information and prices 
21 please contact your local x-ray dealer. 


DISTRIBUTORS FOR THE UNITED STATES: 


SCHICK X-RAY COMPANY, Inc. 


205 West Wacker Drive, Chicago 6, Illinois 
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PHOTO COURTESY OF THE AMERICAN MUSEUM OF NATURAL HISTOR' 


one 

of 
nature $ 
Wonders 





..».is the miracle of uni- 
formity to be found in the 
honeycombs of the tiny 
bee. A man-made wonder 


of uniformity is GEVAERT 


medical x-ray film — precisely G Е МА Е КТ 


X-RAY FILM 


quality-controlled to assure 





Exclusive Distributors: 
LOW X-RAY CORPORATION 
161 Sixth Avenue, New York 13, N. Y. 
* NATIONWIDE WAREHOUSING • 


the radiologist the ultimate in 


, consistently fine performance 


Other Low X-Ray Corp. Offices: 9209 Sovereign Row, Dallas 35, Texas • 725 N. Highland Ave., Los Angeles 38, Calif. e 6611 N. Lincoln Ave., Chicago 45, III, 


MAXIMUM X-RAY DETAIL wim me LoGETRONIC 


LOGEGRAM 


FOR e e e 

earlier and more certain 
diagnosis in difficult cases 
reduced patient retakes 
and radiation exposure 


PLUS e e e 

high quality reproduction 

for teaching, publication, 

dissemination and filing. 
For further information, 


write or phone: 


LogE tronics, Ine. 


500 East Monroe Avenue 
Alexandria, Virginia 
TEmple 6-5180 


DESIGNERS AND MANUFACTURERS OF PRECISION ELECTRONIC PHOTOGRAPHIC EQUIPMENT 
FOR THE MEDICAL, INDUSTRIAL, AERIAL AND GRAPHIC ARTS FIELDS. 











p uou hosted 


your gloves recently d 


NOTE THESE 
DANGER POINTS: 


]—Thumb seam 


2—Base of index finger and middle finger 
Insist upon leaded leather 


Order from your dealer, or 


LIBERTY PROTECTIVE LEATHERS, Inc. 
19-24 Burr Street 
Gloversville, New York 
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An Introduction 
to the Physiology of 
Skeletal Tissue 


Revised and Enlarged Edition 


By Franklin C. McLean and 
Marshall R. Urist 


Fundamentals and current advances in 
skeletal system study—including infor- 
mation obtained from the latest tech- 
niques in electron microscopy, and im- 
proved apparatus for X-ray diffraction, 
electrophoresis, ultracentrifugation, his- 
tochemistry, polarization, and fluores- 
cent microscopy. $6.00 


Th rough Your books ll i 


UNIVERSITY OF CHICAGO PRESS 


Chicago 37, Illinois 















МС$5Т ОЕРЕМОАВ1Е 
AUTOMATIC 
SAMPLE CHANGER 
AVAILABLE FOR 
WELL-SCINTILLATION 
COJNTING 


Features stationary cartridge rack and automatic selector arm moving from 
one sample to another, transferring vials to well counter. Background is 
constant due to stationary samples. Design insures that samples cannot be 
dropped or spilled. Changer may be programmed to automatically count from 
two to fifty samples. For each sample, printing timer prints sample number 
and elapsed time from 0.01 to 99.99 minutes. Preset time and count control 
also available. 


* solid state control * adaptable to wide variety 

e removcble sample of shields 
cartridges * accommodates vials 

* no relays or stepping 3” to 6" high 
switches * heavy duty industrial 

* trim mechanical design printing timer 

* plug-in modular * Unique trouble free 
construction vial grapple 


For furthe- information write Sharp Laboratories 





LABORATORIES, INC. 


BOX 1302, LA JOLLA, CALIFORNIA * Phone GLencourt 9-3211 


REPRESENTED NATIONALLY BY BAIRD ATOMIC 


See the Sham Gammamatic іп the Baird Atomic Booth at the 1961 Pittsburgh meeting of 
the Society for Nuclear Medicine. 
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ROENTGENOLOGIST; 


XXX 


NEW 1961 BOOKS FOR THE 


RADIOACTIVITY 
IN MAN 


Whole Body Counting 
and Effects of Internal 
Gamma Ray-emitting 
Radioisotopes 


А Symposium 
Held at the Vanderbilt University 
School of Medicine 


Edited by 
GEORGE R. MENEELY, M.D. 


The Symposium on RADIOACTIVITY 
IN MAN is a timely, well-docu- 
mented study concerning the problems 
of radiation in human beings today. 
The scientific competence of all those 
who participated, in addition to careful 
and accurate reporting by the actual 
authors and coauthors, has made this an 
excellent source book for a wide range 
of readers. 


Individual chapters take into considera- 
tion implications of the radiological, 
medical, sociological, and legal prob- 
lems arising from small and increasing 
burdens of radioactivity in human 
being. Effects of radioactive fall- 
out are detail—its 
nature and potential hazards to those 


discussed in 


occupying a fallout area. 


Publication date April °61, 512 pp., 
170 il., $16.50 





















ROENTGENOLOGY OF 
INTRACRANIAL 


MENINGIOMAS 
by 
SIDNEY P. TRAUB, M.D. 
Associate Professor of Radiology 
University of Saskatchewan 


College of Medicine 


Doctor Traub's work is based on a 
study of 170 cases of proven menin- 
gioma observed at the Montreal Neu- 
rological Institute. Detailed statisti- 
cal data derived from the project 
have been contrasted with the findings 
of many writers. The result—a com- 
prehensive, readily available descrip- 
tion of the various changes produced by 


the meningioma. 


Plain film 


stressed. as skull roentgenograms are 


findings have been 
available wherever radiology is prac- 
ticed. Detailed encephalographic 
and  angiographic descriptions, 
pertinent clinical and pathologic data, 
and an extensive list of references are 


included. 


Publication date April 761, 260 pp. 
(694 x 994), 282 il, $14.00 





CHARLES C THOMAS * PUBLISHER 
301-327 East Lawrence Avenue 
Springfield * Illinois 

















C. ALLEN GOOD 
Hickey Lecturer, 1961 


THE AMERICAN JOURNAL 


OF ROENTGENOLOGY 


RADIUM THERAPY AND 
NUCLEAR MEDICINE 


VoL. 85 


JUNE, 1961 


No. 6 





CERTAIN VASCULAR ABNORMALITIES 
OF THE LUNGS 


HICKEY LECTURE, 1961 


By C. ALLEN GOOD, M.D., Section of Roentgenology, Mayo Clinic and Mayo Foundation 


ROCHESTER, MINNESOTA 


The Hickey Memorial Lecture was estab- 
lished to honor the memory of a man who was 
one of the pioneers 1n the specialty of roent- 
genology, one of the leaders in its development 
and one of the best-loved teachers of its prin- 
ciples. Preston M. Hickey was born in Mich- 
igan, educated in Michigan, practiced in 
Michigan and spent the last twenty-one years 
of his life as professor of roentgenology in 
Michigan, first at the Detroit College of Medt- 
cine and Surgery and later at the University 
at Ann Arbor. After his death in 1930, at 
the age of sixty-five, it was said of him, “He 
will be remembered in many capacities ... as 
a fellow radiologist, teacher, investigator, in- 
ventor, physician, diagnostician, writer, edi- 
tor, soldier, acministrator, advisor 
friend." s 

One of his biographers has listed these fac- 
tors as the ones that led to his success in 
roentgenology: “a scientific type of mind 
developed by a general education, medical and 
surgical training, special work with the bron- 
choscope in the removal of foreign bodies, 
attention to the chest, that one cavity of the 


and 


body readymade for roentgen examination, 
skill in photographic methods and dark room 
technique, and last but not least, a thorough 
knowledge of pathology, that ultimate founda- 
tion of roentgenological interpretation. 

It 15 a great privilege to have been asked to 
present this Memorial Lecture. The essayist 
is allowed to bask 1m the reflected glory of 
Preston Hickey and to become associated by 
reputation with all of those distinguished 
physicians who have preceded him in this 
task. 1 am humbly grateful and fully aware 
of my responsibilities. 

Doctor Hickey early became interested in 
the roentgen examination of the thoracic 
viscera. One of his early papers, published in 
1904, was entitled, “The Interpretation of 
Radiographs of the Chest.’ [t is proper, 
therefore, that this Lecture should be on a sub- 


ject related to disease of the respiratory sys- 


tem. I have chosen as my title, "Certain Vas- 
cular Abnermalities of the Lungs.” 
/ | ‘HE presence of anomalous vessels, or 


abnormalities of vessels normallv pres- 
ent in the lung, mav cause shadows that 


* Presented at the meeting of the Wayne County Medical Society, the Wayne State University College of Medicine and the Detroit 
Roentgen Ray and Radium Society, Detroit, Michigan, March 2, 1961. 
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need explanation on the roentgenograms of 
a person without clinical symptoms. On the 
other hand, abnormalities of pulmonary 
vessels may cause symptoms without pro- 
ducing unusual manifestations on the 
roentgenographic examinations ordinarily 
employed. In such cases, more esoteric 
forms of examination are needed to arrive 
at à proper diagnosis. 

These abnormalities of the blood vessels 
of the lungs may be divided, for purposes 
of discussion, into: (1) those of the pulmo- 
nary arteries, (2) those of the pulmonary 
veins, (3) those involving both arteries and 
veins, and (4) those in which anomalous 
vessels are present. So few abnormalities of 
the bronchial arteries have been described 
that they need not be included in this re- 
view. 


PULMONARY ARTERIES 


The following abnormalities ot the pul- 
monary arteries are among those which 
have been described: complete absence of 
one branch, hypoplasia, localized stenosis, 
aneurysm, diffuse ectasia and aberrance of 
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the left branch. These abnormalities may 
occur alone or in combination with other 
lesions of the lungs or heart. 

Congenital Absence of One Branch of the 
Pulmonary Artery. This condition, some- 
times called agenesis or aplasia of a pul- 
monary artery, is one that produces 
changes in the ordinary posteroanterior 
roentgenogram of the chest which are suf- 
ficiently characteristic to alert the examiner 
to the presence of this abnormality !»29.39 
(Fig. та). The lung from which the pul- 
monary artery is absent is reduced in vol- 
ume but appears to be normallv aerated. 
Because of this reduced volume, the thorax 
may be asymmetrical, with the intercostal 
spaces being narrowed and the volume of 
the thoracic cavity on this side being re- 
duced. The diaphragm on the affected side 
is elevated and the mediastinum is shifted 
toward the abnormal lung. In some cases, 
there may even be herniation of the normal 
contralateral lung through the anterior 
portion of the mediastinum toward the 
affected side. 

Properly exposed roentgenograms will 





Fic. т. Congenital absence of the left pulmonary artery. (a) Frontal roentgenogram showing the reduced 
volume of the left lung, the elevated diaphragm and the lack of normal vascular shadows in the left 
hilus. (4) Selective angiocardiogram. Note absence of the left pulmonary artery. Typical tetralogy of 
Fallot was present in this case in addition to absence of the pulmonary artery. (Reproduced with per- 


mission from 7.4.M.A., 1960, 173, 613-624.) 
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show an absence of the normal vascular 
shadows at the hilus of the affected lung. 
In place of the branching system of broad 
vessels normally seen, there will be a net- 
work of much smaller vessels. These are the 
bronchial arteries, which are the onlv ves- 
sels supplying blood to this lung. 

This change in appearance of the hilar 
vessels is most easily seen when the right 


pulmonarv arterv is absent. In cases of 


agenesis of the left pulmonary artery, the 
shadow of the left hilus is often obscured 
by the overlying shadow of the heart, which 
has shifted to the left. 

"atients with absence of one pulmonary 
artery are often asymptomatic. On the 
other hand, some cases have been recorded 
in which hemoptysis was a_ presenting 
symptom. It is believed that the increased 
pressure of the blood flowing through the 
abnormally large bronchial arteries in the 
affected lung is responsible for this bleed- 
ing, when it occurs. Other symptoms which 
have been described are dyspnea, cyanosis 
and cough. Some patients describe repeated 
attacks of “pneumonia.” 

The roentgenozraphic appearance of this 
condition must be differentiated from 
other, more common conditions, such as 
collapse of a lobe or of an entire lung. In 
such cases, because of bronchial obstruc- 
tion, the lung is not as well aerated as it 
is in a case of agenesis of a pulmonary 
artery. Chronic obliterative pleuritis, such 
as that which follows empyema or hemo- 
thorax, may reduce the volume of a lung. 
[n such a case, there is no obstruction to 
the airway and the lung appears to be 
normally aerated. However, the thickness 
of the fibrotic pleura is usually apparent, 
which feature serves to distinguish such a 
condition from absence of a pulmonary 
artery. 

Bronchography in a case of uncompli- 
cated agenesis of the pulmonary artery will 
show a bronchial tree that is normally de- 
veloped but crowded together.?* This serves 
to distinguish this condition from the more 
complicated abnormalities of partial or 
complete agenesis of the lung, in which 
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case the pulmonary artery may also be 
missing. 

Venous or selective angiocardiograms 
will demonstrate the anatomic features of 
this conditron and will serve to confirm the 
diagnosis (Fig. 17). No contrast material 
will be seen to enter the affected lung dur- 
ing the phase of filling of the pulmonary 
arterv, and no vessel corresponding to the 
pulmonary-artery branch will be apparent. 
Later roentgenograms will show contrast 
material entering the abnormal lung 
through the bronchial arteries during the 
phase of opacification of the aorta. 

Absence of a pulmonary artery тау oc- 
cur as an isolated abnormality, or it may 
be found ir conjunction with other abnor- 
malities of the cardiovascular svstem. In 
one of Wyman’s*® cases, there were a right- 
sided aortic arch, a septal defect in the 
heart and a patent ductus. In the Mayo 
Clinic case illustrated in Figure 1, there 
was a typical tetralogy of Fallot which 
later was repaired surgically. Vaughan?! has 
reported a similar case. 

Hypoplasia of a Pulmonary Artery. 
Maier,?? Belcher and Pattinson,? and Fisher 
and Van Epps? have reported cases of 
hvpoplasia of a major pulmonary artery 
or one or more of its lobar branches. The 
roentgenolegic appearance in these cases 

was similar in most instances to that pro- 
duced by aplasia of a pulmonary artery. 
However, in most of the cases of hypo- 
plasia, there were associated abnormalities 
of the bronchial tree and of development of 
the lung. These cases can be distinguished 
bv careful observation of the broncho- 
grams and angiocardiograms. It is probable 
that thev represent abnormalities in. the 
embrvologic development of the lung itself, 
and not of the pulmonary vessels alone. 

Stenosis af a Pulmonary Artery. Single or 
multiple sites of localized constriction in 
the pulmonary artery can occur. This con- 
dition is sometimes known as coarctation 
or supravalvular stenosis of the pulmonary 
artery. Clinically, it 1s characterized. by 
dyspnea ard fatigability and by a svstolic 
murmur best heard in the second and third 
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intercostal spaces. When associated with 
other cardiovascular anomalies, cvanosis 
тау be present. 

Falkenbach and co-workers" have re- 
cently presented an excellent review of this 
condition. They state that the site of sten- 
osis may be in the central portion of the 
pulmonary artery, in a main branch, or 
peripheral. If peripheral, there are usually 
multiple sites of stenosis. 

The ordinary roentgenogram of the chest 
may show no abnormality, or it may pre- 
sent evidence of enlargement of the right 
ventricle. In some instances, the shadow of 
the affected pulmonary artery тау be rela- 
tively inconspicuous while the opposite 
arterv appears enlarged. 

The definitive diagnosis can be made 
onlv Ьу cardiac catheterization and angio- 
cardiography. 

My colleagues and I have observed one 
case in which the right main pulmonary 
artery was involved (Fig. 2, а and 7) and 
one in which there were multiple sites of 
stenosis in the peripheral pulmonary arte- 
rial tree. In the latter case, many of the 
stenotic arteries showed evidence of post- 
stenotic dilatation. 

Enlargement of a Pulmonary Artery. In 
addition to aplasia, hypoplasia and sten- 
osis, the pulmonary artery may be involved 
by conditions which cause an increase in 
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its caliber. Most roentgenologists are famil- 
iar with poststenotic dilatation of the main 
pulmonary artery which occurs in cases of 
pulmonary valvular stenosis. On the roent- 
genogram, an abnormally large shadow is 
seen in the vicinity of the hilus of the left 
lung. Roentgenoscopic observation dis- 
closes expansile pulsation of this shadow. 

In some instances, poststenotic dilata- 
tion of the pulmonary artery тау be con- 
fused roentgenologically with mediastinal 
or pulmonary neoplasms. In the absence of 
conclusive clinical evidence, it may be 
necessary to employ angiocardiography to 
make the correct diagnosis. 

Aneurysms may occur in a major branch 
of the pulmonary artery, or in one of the 
lobar branches. In. either instance, the 
patient тау be asymptomatic. My col- 
leagues and I have observed one instance 
of aneurysm of the right pulmonary artery 
(Fig. 3, a and 6)'in- which there was evi- 
dence, elicited by laminagraphy, of calcifi- 
cation of the walls of the aneurysm. The 
patient, a man thirty-seven years of age, 
had no symptoms referable to the lungs. 
He had been told that the lymph nodes in 
the right hilus were enlarged and he had 
received radiation therapy, with no change 
in the size of the shadow of the right hilus. 

We have also observed an aneurysm of 
the branch of the pulmonary artery which 





Itc. 2. Stenosis of the right pulmonary artery. (a) Routine roentgenogram showing very little evidence of 
abnormality. The shadows of the vessels in the right hilus are less prominent than those on the left side. 
(6) Angiocardiogram showing that stenosis occurred close to the bifurcation of the main pulmonary artery. 
There is moderate dilatation of the left pulmonary artery. 
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lic, 3. Aneurysm of the right pulmonary artery. (a) Роѕќегоаптегіог roentgenogram. 
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(6) Laminagram 


showing calcification of the wall of the aneurysm. 


supplied the lower lobe of the right lung 
and which was discovered incidentally dur- 
ing the course ef an examination to elicit 
the cause of Feadaches. There were no 
clinical signs of arteriovenous shunt, and 
after lobectomy the pathologist could find 
no abnormal ccmmunication between the 
aneurysmal vessel and others, even though 
the surgeon noted the presence of large 
branches of the bronchial arteries (Fig. 4). 

We have also encountered one case of 
diffuse aneurvsmal dilatation or ectasia of 
the branch of -he left pulmonarv artery 
supplving a portion of the upper lobe of the 
lung. This case has been reported by Mac- 
Kenzie and Clazett.? 

In each of these 3 cases, the aneurysm 
showed evidenc2 of expansile pulsation at 
the time of roentgenoscopic examination, 
and the fact that the lesion was vascular 
was recognized. A murmur was heard over 
the aneurysm im each case, but there was 
no evidence of cyanosis, clubbing of the 
fingers or other signs of arteriovenous 
shunt. 

Aberrant Left Pulmonary Artery. Late in 
1957, Hiller and Maclean” reported 3 cases 
of aberrant left pulmonary artery. They 
called the condition. "pulmonary artery 
rng" because t resembled, in some re- 
spects, the vascular ring formed by the 


right and left aortic arches when both per- 
sist and encircle the trachea and esophagus. 
By 1959, Rudhe апа Zetterqvist? were able 
to collect 11 cases from the literature, and 
a vear later Jacobson and co-workers? 
brought the total up to 15, after adding 3 
of their own. 

The significant abnormality is one of 
development of the left pulmonary arterv. 
Instead of branching in normal fashion 
from the main pulmonary artery and run- 
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FIG. 4. Aneurysm of the lower lobe branch of the 
right pulmonary artery. 
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ning a direct course to the hilus of the left 
lung, it originates at a point farther to the 
right, travels in a superior and posterior 
direction so that it passes above the right 
main bronchus, and then turns toward the 
left, passing posterior to the trachea but 
anterior to the esophagus. From there, it 
reaches the hilus of the left lung Ьу a direct 
course. 

Patients suffering from this anomaly ex- 
perience respiratory difficulties in the neo- 
natal period. Stridor is almost always pres- 
ent, and life may be threatened in the more 
severe cases. 

The diagnosis can be made rcentgeno- 
logically, if the proper examinations are 
carried out. In some instances, there 15 
emphysema of the right lung because of 
compression of the right main bronchus by 
the aberrant artery. In such cases, the 
mediastinum will be shifted toward the left, 
especially during expiration. 

Examination of the esophagus using an 
opaque fluid will often disclose a crescentic 
indentation of its anterior wall at the level 
of the carina. Roentgenoscopically, this 
indentation may exhibit pulsation. Several 
authors have pointed out that this filling 
defect is seen only if the examination 15 
carried out in the direct lateral position. 
Laminagrams made in the lateral projec- 
tion will show posterior narrowing of the 
trachea at the same level. The aberrant 
course of the left pulmonary artery can 
be well demonstrated by angiocardiog- 
raphy. 

The condition can be corrected surgically 
if it is recognized. Because of tne initial 
symptom of expiratory stridor, with the 
subsequent development of dyspnea, cyano- 
sis and bouts of respiratory infection, an 
aortic vascular ring may be suspected. 
Patients with this aortic abnormality usu- 
ally also experience difficulty in. swallow- 
ing. Such symptoms are not noted by pa- 
tents with an aberrant left pulmonary 
arterv, for the vessel passes antenor to the 
esophagus and does not compress it, al- 
though 1t may indent it. 

It is likely that more of these cases will 
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be recognized, if the possibility is kept in 
mind, especially when examining babies 
suffering from stridor and suspected of hav- 
ing an aortic vascular ring. 


PULMONARY VEINS 


Normally, there are four pulmonarv 
veins which return the oxvgenated blood to 
the left atrium of the heart. А number of 
anomalies of these vessels has been iden- 
tied, most of them concerned with ab- 
normal patterns of communication with the 
heart. This group of anomalies has been 
described in the literature under the head- 
ings of anomalous venous drainage and 
anomalous venous connection. 

Edwards! distinguishes between “‘drain- 
age" and "connection," saying that drain- 
age’’ represents a physiologic phenomenon 
while "connection" represents an anatomic 
fact. For example, the pulmonary veins 
тау be connected normallv to the left 
atrium but may empty into the right 
atrium through a large atrial septal defect 
situated in the proper position. This would 
represent abnormal drainage but not an 
abnormal connection. 

Total Anomalous Venous Connection. 
Anomalous pulmonary venous connection 
exists in two forms, partial and total. Pa- 
tients with the total form may be cyanotic. 
Cooley and Collins® list four ways in which 
all of the blood from the lungs may be 
abnormally directed to the right atrium. 
The most common of these anomalies con- 
sists of a convergence of the veins from 
both lungs to form a chamber posterior to 
the left atrium. However, no opening exists 
between this chamber and the atrium. A 
single anomalous vein arises from this 
chamber and runs superiorly along the left 
side of the mediastinum to join the left 
innominate vein. The blood then flows into 
the right atrium by way of the superior 
vena cava. 

This particular anomaly produces a 
characteristic pattern on the roentgeno- 
gram. It has been called the "figure 8" ap- 
pearance and is shown in Figure 5. Cooley 
and Collins list this as the supracardiac 
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form of total anomalous pulmonary venous 
connection. 

These authors also describe a cardiac 
form in which tae convergence of the pul- 
monary veins in-o a single chamber behind 
the heart takes place as in the supracardiac 
form, but this empties directly into the 
right atrium, or into the right atrium by 
way of the coronary sinus. 

In a third variety, the single anomalous 
vein that arises from the chamber formed 
by the confluence of the pulmonary veins 
extends inferiorly and empties directly or 
indirectly into the inferior vena cava below 
the diaphragm. This is known as the infra- 
cardiac form. In their fourth category are 
various combinztions of these three forms 
of anomalous connection. 

Except for the supracardiac variety, 
there is no characteristic roentgenologic ap- 
pearance. However, Coolev and Collins 
state that in 43 per cent of all cases of total 
anomalous pulmonary venous connection 
the anomaly is supracardiac. Therefore, 
roentgenologists should be expected to rec- 
ognize almost half of the total number of 
these venous anomalies. 

Partial Anomalous Pulmonary Venous 
Connection. This causes clinical features 
that differ from those of the total form. In 
most instances, the patient is not cvanotic. 
Dalith and Neufeld? state that cyanosis 
exists onlv if the recirculation of oxvgen- 
ated blood exceeds о per cent of the total, 
and then only af-er the patient has reached 
adult life. 

Many varieties of partial anomalous con- 
nection have been described.55/539 The 
veins from the rizht lung may lead directly 
into the right at-ium, or one or both right 
veins may empty into the superior vena 
cava or one of sts tributaries, or into the 
inferior vena cava or one of its tributaries. 
Veins from the eft lung may empty into 
the left innominate vein or into the superior 
vena cava on tae right side. There may 
even be an anomalous connection of one 
left vein to the left innominate and one 
right vein to the inferior vena cava. 

Because many patients with partial 
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1с. 5. Total anomalous pulmonary venous connec- 
tion showiag typical "figure 8" appearance. (Re- 
produced with permission from 7. Thoracic Surg., 
1956, 34, 119-134.) 


anomalous venous connection are asympto- 
matic, as were 6 of 9 reported by Stein- 
berg, the condition may first be recognized 
by the roentgenologist as he examines a 
roentgenogram of the chest made as part of 
a periodic health examination or for some 
other purpose. The most frequently en- 
countered abnormality is the shadow of a 
large vessel running vertically in the right 
lung. The vessel seems to gather tributaries, 
grow larger and penetrate the diaphragm 
near the right cardiophrenic angle. Lamina- 
grams are useful to emphasize the vascular 
nature of the shadow (Fig. 6, 4 and 4). 
Selective angiograms will show the abnor- 
mal vascular pattern (Fig. 7, a, 2, and c). 

As pointed out by Steinberg, such an 
anomalous vein may be associated with 
other anomalies of the lung and its vascula- 
ture. There may be hypogenesis of the in- 
volved lung with abnormal development of 
the pulmorary artery and bronchial tree on 
the same side. My colleagues and I have 
observed an interesting case in which the 
right pulmonary artery was absent and the 
blood supply to the lung was carried by a 
vessel that arose from the aorta at a point 
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Fig. 6. Partial anomalous pulmonary venous connection on right. (а) Posteroanterior roentgenogram. (7) 
Laminagram showing a vein running vertically toward the right cardiophrenic angle. (Reproduced with 
permission from 7. Thoracic Surg., 1956, 32, 119-134.) 


below the diaphragm and entered the hypo- 
plastic lung near the medial basal angle. 
The anomalous vein retraced this course to 
enter the inferior vena cava below the dia- 
phragm. Because the right lung was hypo- 
plastic, there were asymmetry of the thorax 
and dextrorotation of the heart. These lat- 
ter features together with the vertical vessel 
could be recognized on the roentgenogram 
made in the frontal projection, but it was 
necessary to carry out bronchography and 
selective angiocardiography before the ex- 
act nature of the structural anomalv was 
known. At first glance, the roentzenogram 
resembled those seen in agenesis of the 
right pulmonary artery. À somewhat sim- 
ilar case has been reported by Neill and 
associates.?" 

Stenosis of a Pulmonary Vein. Stenosis 
of one or more of the pulmonary veins may 
occur. This may be a congenital anomaly or 
an acquired condition. Figure 84 shows the 
appearance in a case of acquired stenosis 
of the pulmonary veins caused by a granu- 
loma of the mediastinum. It can be noted 
that the veins draining the lower lobe of the 
right lung are engorged and that there 1s 


evidence of pulmonary edema in this lobe. 
This is especially pronounced in the region 
of the right hilus. Catheterization studies 
demonstrated a marked arterial pulmonary 
hypertension. 

Congenital stenosis of the pulmonary 
veins has been discussed recently by Ed- 
wards.? Perhaps the most common site of 
stenosis on a congenital basis is between 
the normal left atrium and the abnormal 
chamber that represents the confluence of 
the pulmonary veins as seen in cases of so- 
called cor triatriatum. A similar stenosis 
may be found between this abnormal cham- 
ber and the right atrium in certain cases ot 
anomalous pulmonary venous connection. 
Figure 84 shows the roentgenographic ap- 
pearance of the lungs of an infant found to 
have congenital stenosis of the pulmonary 
veins." The picture is that of diffuse con- 
gestion and edema quite similar to that seen 
in cases of congestive failure. 

Enlargement of a Pulmonary Vein, An- 
other interesting abnormality of the pul- 
monary veins is a localized dilatation of a 
single vein without accompanying ab- 
normal communication with the arterial 
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Vic. 7. Partial anomalous pulmonary venous connection on right. (а) Posteroanterior roentgenogram. (4 
and с) Selective angiograms with injection of contrast material nto the upper lobe branch of the right 
pulmonary artery: (4) arterial phase, and (c) venous phase, showing an abnormal vein leading toward the 


right cardiophrenic angle. 


supplv. Although this might be termed an 
aneurysm of a pulmonary vein, it 15 re- 
ferred to in the literature as a varix.!^?" [n 
the usual case, ап oval shadow 15 seen on 
the roentgenogram which has an appear- 
ance similar to that caused by certain 
tumors and arteriovenous fistulas. Lamina- 
grams may disclose that the lesion is part 
of the vascular svstem of the lungs, but 


angiocardiography is necessary to distin- 
cuish it from an arteriovenous fistula. It 
will be found to opacify during the phase 
of venous filling which is somewhat later 
than the phase of arterial filling. Roent- 
genoscopy should reveal a change in size 
following the Valsalva and Müller maneu- 
vers, but this has not been mentioned in 
the reported cases. We have observed one 
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Fic. 8. Stenosis of pulmonary veins. (2) Acquired stenosis in an adu t caused by granuloma of mediastinum, 
(b) Congenital stenosis in a child. Note evidence of pulmonary edema. (Reproduced with permission from 
¥.4.M.A., 1960, 173, 637-647.) 
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case of varix involving the right inferior 
pulmonary vein (Fig. 9). Surgical explora- 
tion was carried out without angiocardiog- 
raphy having been performed or a defini- 
tive diagnosis made. As in most of the re- 
ported cases, our patient was asympto- 
matic. 


ARTERIES AND VEINS 


Arteriovenous Fistula. Pulmonary arterio- 
venous fistulas are of two types. In one 
type, which is by far the most common, 
the abnormal communication is Between 
the pulmonary artery and the pulmonary 
vein. In this type, the classic clinical triad 
of cyanosis, polycythemia and clubbing of 
fingers and toes is found if more than 25 
to 30 per cent of the blood in the lesser 
circulation is being shunted from the right 
to the left side of the heart through the 
fistula. This may be the result of one or 
several large communications or of many 
small ones. 

In the other type, which is rare, the ab- 
normal communication is between the sys- 
temic circulation and the pulmonary ves- 


їс. 9. Aneurysm or varix of the right inferior 
pulmonary vein. Note the oval shadow in the right 
cardiophrenic angle. 
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sels. In this type, cyanosis and polycythe- 
mia do not occur, for the flow of blood, be- 
cause of the dificrences in pressures be- 
tween the two systems, is from the оху- 
genated systemic circulation to the pul- 
monary vessels and thence to the left side 
of the heart. 

Roentgenologic evidence is available in 
most cases of pulmonary arteriovenous 
fistula. A few cases have been reported in 
which multiple tiny fistulas existed but in 
which no abnormality could be seen on the 
roentgenogram. Hales”! has reported 2 cases 
in which the characteristic triad of clinical 
signs was present but in which no evidence 
of the fistulas could be demonstrated even 
by angiocardiography. The diagnosis was 
made after death when the lungs were 
studied by the injection corrosion cast 
technique. In one case, after the angio- 
cardiographic attempt to corroborate the 
clinical diagnosis, exploratory thoracotomy 
with biopsy of the lung also failed to con- 
firm the presence of abnormal arterioven- 
ous communications. 

The usual roentgenologic pattern is that 
of a round or oval shadow in the parenchy- 
ma of the lung which appears to be con- 
nected to the hilus by two vessels of more 
than normal size (Fig. тоа). Laminagrams 
are useful in demonstrating these large ves- 
sels (Fig. то, дапа с). Multiple fistulas are 
present in more than one third of cases. 

Although the abnormally large vessels in 
this condition тау look much like those 
seen in partial anomalous pulmonarv ve- 
nous connection, a distinction can be made. 
In cases of arteriovenous fistula, two ab- 
normal vessels are visible, the afferent ar- 
terv and the efferent vein. In cases of 
partial anomalous venous connection, onlv 
one large vein 1s noted and it receives tribu- 
taries which give 1t a branched appearance. 

Roentgenoscopic examination discloses 
pulsation of the fistula more often than not, 
and the size of the shadow can be seen to 
change upon application of the Müller and 
Valsalva maneuvers. 

Frequently, a bruit can be heard in the 
vicinity of the lesion. If present, it may be- 
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Fic. то. Arteriovenous fistula in the lower lobe of the right lung. (а) Posteroanterior roentgenogram. (b and с) 
Laminagrams made at different levels. 


come more marked with deep inspiration 
and diminish with expiration. Steinberg” 
states that the bruit may not be heard over 
those lesions that are situated deep within 
the parenchyma of the lung, especially in 
the medial basal segment of the right lower 
lobe. 

Angiocardiography is the most defini- 
tive roentgenologic examination, although 
rarely, as stated before, it may fail to 
demonstrate tiny abnormal communica- 
tions. Serial roentgenograms show the con- 
trast material outlining the enlarged pul- 
monarv arterv leading from the hilus to the 
lesion. The thin-walled aneurysmal sac will 
then fill, and this will be followed bv filling 
of the enlarged pulmonarv vein leading 
back to the hilus. Sometimes the contrast 
material will return to outline the left 
atrium sooner than usual. 

We have observed one case, which will 
be reported in detail elsewhere, in which 
there was a diffuse arteriovenous malforma- 
tion in the upper lobes of both lungs. The 
appearance on the roentgenogram of the 
thorax made on admission was unusual and 
it was necessary to inject contrast material 
directly into the pulmonary artery 1n order 
to demonstrate the anatomic abnormality 
(Fig. 11, a and b). 

Manv pulmonary arteriovenous fistulas 
occur in patients who are suffering from a 
generalized vascular dysplasia known as 


hereditary hemorrhagic telangiectasia. The 
disease consists of the formation in nearly 
all organs of the body of localized arterio- 
venous capillary connections wh:ch are in 
reality tiny arteriovenous fistulas. These 
telangiectatic connections, when they oc- 
cur in the skin and mucous membranes, 
form groups of tiny, ruby-colored lesions 
which blamch when slight pressure 1s ap- 
plied over them. They may be recognized 
easily on the face, on the nasal and buccal 
mucous membranes, on the lips, and in the 
nail beds. 

The disease is believed to be transmitted 
by a simple dominant character, and may 
be carried by both sexes. We have recently 
reported our observations of a family stem- 
ming from a young man who emigrated 
from Germany to Minnesota approximately 
гоо years ago.” Nearly 40 per cent of 231 
individuals about whom we were able to 
obtain infermation presented stigmas of the 
disease. Thirteen of this group were found 
to have pulmonary arteriovenous fistulas, 
an incidence of 5.6 per cent of the family 
group studied, or 14 per cent of the indi- 
viduals demonstrating telangiectasia. Be- 
cause of this experience, we believe that all 
members cf families known to have heredi- 
tary hemorrhagic telangiectasia should 
have periedic examinations to search for 
pulmonary arteriovenous fistulas, whether 
they have symptoms or not. 
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лє. 11. Diffuse arteriovenous malformation of both upper lobes. (а) Routine roentgenogram. 
(5) Selective angiogram. 


Svstemic-to-pulmonary — arteric-arterial 
or arteriovenous fistulas differ in many 
respects from the pulmonary-to-pulmonary 
type which have just been discussed. Pa- 
tients with these lesions do not exhibit 
cyanosis because there is no shunt of un- 
oxvgenated blood from the right to the left 
side of the heart. These abnormal commun- 
ications may occur between the bronchial 
arteries and the lesser circulatien or be- 
tween the svstemic arteries of the chest wall 
or diaphragm and the pulmonary vessels. 
In this latter type, there is increased vascu- 
larity of the chest wall such as is seen in 
cases of coarctation of the aorta. Erosions 
of the inferior surfaces of the ribs, so-called 
rib notching, were seen in 2 cases observed 
at the Mayo Clinic (Fig. 12, а and 4). One 
of these cases has been reported by Bur- 
chell and Clagett.? Rib notching can also 
be seen on the reproduction of the roent- 
genogram of the chest in the case reported 
by Brain and Kauntze.’ Davila and asso- 
ciates? remarked about the increased vascu- 
larity of the chest wall in their report of a 
case of arterio-arterial fistula which ap- 
peared to have followed blastomvcosis of 
the lung. 

Venous angiocardiography is frequently 
not successful in revealing the fistula in 
cases of systemic-to-pulmonary shunt. This 


was the experience in the cases reported by 
Davila and associates and by Brain and 
kauntze. In the case reported by Davila 
and associates, a catheter inserted into the 
pulmonary artery, followed by rapid injec- 
tion of contrast material, also failed to show 
the channels of communication. Brain and 
Kauntze did notice late opacification of the 
vessels in the involved portion of the lung 
at about the time of opacification of the 
aorta. We have observed this same phe- 
nomenon 1n our most recent case. 

Since the direction of flow, because of the 
differences in pressure between the greater 
and lesser circulations, is from chest wall 
to lung, it is probable that thoracic aortog- 
raphy or direct injection of an enlarged 
intercostal artery would be more helpful in 
demonstrating the abnormal communica- 
tions in this туре of arteriovenous fistula 
than is venous angiocardiography. 


ANOMALOUS VESSELS 


Anomalous vessels communicating with 
the systemic circulation may be found in 
association with agenesis or hypogenesis of 
the lung and in the cases of anomalous pul- 
monary venous connection. These condi- 
tions have already been discussed. The 
most common pulmonary lesion in which 
an anomalous artery arises from the greater 
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circulation is bronchopulmonary seques- 
tration. This condition occurs in two forms, 
the extralobar, in which a segment of lung 
tissue is found below the diaphragm or in 
the thorax but outside the pleural space, 
and the intralobar form. 

Intralobar bronchopulmonary sequestra- 
tion has been defined as “a congenital pul- 
monary disease in which a portion of an 
otherwise normal lobe has no connection 
with the bronchial tree or pulmonary artery 
circulation, and receives its arterial supply 
from anomalous branches of the aorta.’™ 
In most instances, the anomalous artery 
arises from the aorta, but тау arise from 
a branch either above or below the dia- 
phragm. 

Many authors have pointed out that the 
anomalous vessel is elastic in composition 
rather than muscular,!^3??1 making it con- 
form to the structure of a pulmonary rather 
than a systemic artery. For this reason, 1t 
is thought that “the primary lesion . . . 1s 
some failure of the pulmonary artery in 
fetal life to supply the segment of lung in- 
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volved (and) . 
systemic supply to the fetal lung persists." 

Patients with bronchopulmonary seques- 
tration may be asymptomatic and the 
lesion may be discovered incidentally on a 
roentgenozram made as a part of a periodic 
health examination. However, in many 1n- 
stances, there is a long history of repeated 
episodes ef pulmonary infection. In some 
of the reported cases, the lesion was noted 
on roentgenograms made during the neo- 
natal permd.'*:*# 

On the roentgenograms, the lesion usu- 
ally appears as a round, oval or lobulated 
shadow with its long axis directed medially 
and posteriorly’? (Fig. 15, a and 4). In 
the latera! view of the thorax, the shadow 
is often less distinct than in the frontal pro- 
jection. In the majority of instances, the 
lesion is situated in the position of the pos- 
terior basal segment of a lower lobe. 

[n most cases, the lesion does not com- 
municate with the bronchial tree and, 
therefore, appears to be solid and homo- 
geneous. Sometimes, however, because of 


. . because of this defect the 
1 





Fic. 12. Arteriovenous fistula in the base of the left lung. The shunt was from the systemic arteries of the 
thoracic wall to the pulmonary vascular system. (a) Posteroanterior roentgenogram. Note the notching 
of the posterior portions of the ribs on both right and left sides of the body. (4) Lateral roentgenogram 
showing fistula ir contact with the diaphragm. 
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preceding infection, a communication will 
have opened between the sequestered seg- 
ment and the bronchial tree, and a fluid 
level will be noted. In anv case, broncho- 
grams seldom demonstrate a channel from 
the bronchial tree to the abnormal seg- 
ment, and the usual appearance is one in 
which the opacified bronchial tree is dis- 
placed by the abnormality. 

Pathologically, there are several tv pes of 
intralobar sequestration.'?^ [n one variety, 
a single, thin-walled cyst is present. In 
another, several cysts are gathered to- 
gether into one conglomerate mass. In a 
third, there may be no cyst, but a solid 
mass of unaerated lung through which 
dilated bronchi run parallel to the anomal- 
ous artery. Pigment is usually absent from 
the sequestered segment, signifying its con- 
genital origin. 

The aberrant artery is often as much as 
I cm. in diameter. There may be several 
anomalous arteries, all arising trom the 
systemic circulation. Laminagrams may 
demonstrate this abnormal vessel and show 
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that it does not arise in the hilus of the lung 
as do normal pulmonary arteries (Fig. 14). 
Demonstration of the anomalous sys- 
temic artery supplying the sequestered seg- 
ment has been accomplished by means of 
venous angiocardiography.!* However, this 
method is difficult to apply, for the ab- 
normal artery does not fill with contrast 
material until the aorta becomes opaci- 
fied. By that time, it may be difficult to 
distinguish the vessel which has been made 
visible by very dilute contrast material 
from the normal pulmonary vessels which 
are also still faintly visible. A more certain 
method of demonstrating the aberrant ar- 
tery 15 by thoracic aortography.*:*? In this 
case, only the anomalous vessel is visual- 
ized and there is little danger of being con- 
tused by overlying vascular shadows. 
While in most of the cases of intralobar 
bronchopulmonary sequestration the ab- 
normality is situated in the region of the 
posterior basal segment of a lower lobe, it 
may be found in other locations. Witten 
and associates?? have recently reported 3 


4 


Fic. 13. Intralobar bronchopulmonary sequestration of the posterior basal segment of the lower lobe of the 
left lung. (a) On the posteroanterior roentgenogram the lesion is partially obscured by the heart. (4) 
Lateral roentgenogram, 
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lic. 14. Laminagram made in the same case as 
shown in Figure 13. A large artery can be seen 
running from the mediastinum to the inferior mar- 
gin of the sequestered segment. At the time of 
surgical exploration, this was found to arise from 
the aorta. 


cases of sequestration occurring in the up- 
per lobes, with a errant vessels arising from 
the right innom nate and right subclavian 
arteries and from the inferior surface of the 
arch of the aorta. 


COMMENT 


Certain abnormalities of the pulmonary 
vessels comprise a group of lesions that тау 
be suspected or -ecognized because of their 
roentgenologic appearance. In some in- 
stances, the diagnosis can be made only by 
employing more complicated roentgeno- 
logic examinations such as laminagraphy, 
angiocardiograpay or thoracic aortography. 
Surgical treatment is available for some of 
these conditions. This is especially true of 
intralobar bronchopulmonary sequestra- 
tion, arteriovencus fistula and aberrant left 
pulmonary artery. From the standpoint of 
the roentgenologist, the most important 
tactor in the diagnosis of these lesions is to 
keep in mind that such abnormalities occur. 
Correlation of the roentgenologic appear- 
ance with the available clinical information 
usually leads to the proper diagnosis or to 
the proper technique for making such a 
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diagnosis. Such correlation of roentgeno- 
logic appearance with clinical information 
was the kev to the teaching of Preston 
Hickey, whose memory we honor tonight. 
Mayo Clinic 

Rochester, Minnesota 
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PULSATIONS IN THE PULMONARY ARTERIES А5 
OBSERVED WITH ROENTGENOSCOPIC 
IMAGE AMPLIFICATION 
OBSERVATIONS IN PATIENTS HAVING INCREASED 
PULMONARY BLOOD FLOW 
B» BRIT B. GAY, Jr., M.D.,* and ROBERT H. FRANCH, M.D.f 


ATLANTA, GEORGIA 


N PREVIOUS communications, the 

value of roentgenoscopic image amplifi- 
cation was emphasized as a means of 
visualizing more adequately the pulsations 
in the pulmonary arterial tree. Observa- 
tions were reported in normal subjects’ 
and in a group of patients with isolated 
valvular pulmenic stenosis.” A continua- 
tion of this study is presented with observa- 
tions of the pulsations of the pulmonary 
arteries in a group of patients who were 
shown by cardiac catheterization to have 
a left to right shunt with increased pulmo- 
nary blood flow and normal or slight eleva- 
tion of pulmonary artery pressure (26 mm. 
Не mean pressure, or less). 


METHOD OF STUDY 


The patients 1n this study were examined 
roentgenoscopically with image amplifica- 
tion, and without prior knowledge of the 
clinical data or physiologic data obtained 
by cardiac catheterization. Pulsations were 
observed in the pulmonary artery segment 
of the left heart border, the main branch of 
the left pulmonary artery in the lett hilus, 
the descending branch of the right pulmo- 
nary artery in the right hilus, and the 
basilar division branches of the pulmonary 
arteries in both lower lobes. Pulsations in 
the pulmonary arterial branches were 
graded as absent (о), faintly visible (+), 
slightly to moderately increased (++), 
and markedly increased (+++). A roent- 
genogram of the chest was obtained in 
posteroanterior projection at 72 inch tube- 
film distance after the roentgenoscopic ex- 


amination, From the roentgenoscopic and 
roentgenographic studies a qualitative pre- 
diction was made as to the status of the 
pulmonary blood flow and pulmonary 
artery pressure. The roentgenologic studies 
were then correlated with the physiologic 
changes present at cardiac catheterization. 
To date, 280 patients have been studied; ot 
this number go patients showed an in- 
crease in pulmonary blood flow with a 
pulmonary artery mean pressure of 26 mm. 
Hg or less. Atrial septal defect, with or 
without partial anomalous pulmonary ve- 
nous draimage, was present in $0 patients in- 
cluding septum primum defects in §, pa- 
tent ductus arteriosus in 5, and ventricular 
septal defects in 35. Tables 1 and 11 show 
the results of the roentgenoscopic findings. 


RESULTS 


The patients have been divided into two 
groups: 

Group 1: Large Pulmonary Blood Flow. 
This includes those patients with a pulmo- 
nary blood flow greater than two times the 
systemic blood flow (pulmonary flow /sys- 
temic flow ratio greater than 2.0). 

Group 11: Moderately or Slightly Increased 
Pulmonary Blood Flow. This includes those 
patients with a pulmonary blood flow ex- 
ceeding she systemic blood flow but less 
than two times the systemic blood flow 
(pulmonary flow/systemic flow ratio from 
I.I TO 1.9). 

The mean pulmonary artery pressure in 
both groups did not exceed 26 mm. Hg. 

It will be noted that most patients with 
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TABLE 1 


GREATLY INCREASED PULMONARY BLOOD FLOW—ROENTGENOSCOPIC FINDINGS 
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А Меап 
Right Pulmo- 
A bro Left Lert Descend- Right Fume: nary/ 
ge ulmo- Pulmo- - | : na А 
Сазе Мо. (ут) Sex "a hes Basilar ing Pul. Вазпаг Ar Systemic 
yr. ry y Branches monary Branches Md Flow 
Artery Artery Pressure 


Artery (тїї. Шы) Ratio 





Group 1a—Atrial septa defect, including partial anomalous pulmonary 
venous drainage and septum primum defects 





І (D.T.) ъъ M peo shee o cce = ++ 18 3.2 
2 {M.S.W.) 2 F ae oup эрер 0 GET о 17 3.0 
з А.С. jo R cpu FFF ө T 3 22 2.3 
4 М.Р.) 6 M +++ +++ +++ +++ +++ 17 3.0 
5 iJ.B.) 8 м +++ +++ +++ +++ +++ 10 2.1 
6 iD.V.) 8 Е as ере FF "spere wp 18 2.3 
7 (M.Y.D.) 9 M +++ ++ +++ +++ +++ 18 2.9 
8 J.L.) 7 E TF EF cp EF EF 19 3.0 
9 (D.V.) 9 E ese з то o Pea se 18 2.3 
10 (L.V.) 7 E р i et Че FIF? FFF 17 4.8 
тї (P.S.) пп Е PEFR rr Err чод» ырыр 14 3-4 
12 (МАТ) п Е Pre pe cp +++ ++ 15 2.4 
13 (S.C.) б F. pep TAE d qupspe o pepe 18 2.0 
14 (E.McE) u Е к. spp о +++ о 22 2.5 
15 (К.Р.) 7 М +++ +++ #444+~«~444~ ct 13 3.7 
16 (L.S.) 6 Е ee. pep Pf FF о 21/8 3-1 
17 Q.S.) 6 Е ++ ++ + + о 10 3-5 
{8 Q.B.) 6 Е FFE Sere F Fre Fr 28/7 T 
19 (R.D.) y S cup ЕРЕ КЕ + E 22/7 2.0 
20 (J.B.) 9 F +++ ++ ++ +++ ++ 20 3.3 
21 (D.W.) 6 Е +++ -+++ -+ +++ © 20 2.1 
22 (Н.Р.) © M p ap BE re F 13 2.9 
23 (J.L.R.) 75 E pepe epe Ff eae F 13 3.1 
24 (B.S.) її E +++ -+++ + + о 19 2:9 
25 (N.D.) п Е ase за epo — pepepe ыы 16 2.6 
26 (5.5.) у Е Fu. giv a Е ic БЕ е те ë pup 10 2.9 
27 (D.T.) 6 Е +++ cd ctt ч +++ 13 2.6 
28 (A.L.) 16 F FeFe peg ge Fey cpm 12 3.0 
29 (W.E.A) 1з M +++ +++ FF FTE cp II 3.2 
зо (P.A.R) із Е +++ +++ +++ +++ +++ 13 3.0 
31 (B.R.) l4 Е tte cL +t. +PER ST 14 2.8 
32 (К.Е.) з Е +++ +++ +++ +++ +++ 19 3.1 
33 (Y. E.) 36. di^ pu FFF q Е 17 2.2 
34 (G.H.) 08 Е Tre pe FFE EE ++ 14 3.6 
35 O.S.) ig; M Fe cepe cepe ceu ++ 16 3.2 
36 (C.R.) л M +++ +++ +++ +++ +++ 1б 6.3 
STAN EY). Æ M. =н pe че GE TX 14 2.5 
38 (ILW) зә Е +++ +++ o +++ + 25 5.I 
39 (M.G.) п Е ++ +++ + +++ о 10 2.6 
до (H.W.) 32 Е sepe rhe wp Pea c FF 15 3.2 
А РИК Ж M AFF See eee PE т зе ч 12 2.2 
42 (B.J.) 46 Е ++ ++ о + о 18 2.9 
43 (A.M.) 52 E Pup pb сє Cep ow 20 3.6 
44 ФЕ.) F +++ +++ +++ ++ + 12 3.2 
45 (S.H.) 44 F е зе T PF ЕЗ 22 4-6 
Group 1b— Ventricular septal defect 

46 (S.C.) 5 F а ear чода pp a 15 3.0 
47 (G.T.) 5 M F TE der ПР р 14 2.1 
48 (Е.С.) 2 M. c ер qu da F 22 3.0 


Group 1c—Patent ductus arteriosus 


49 (W.T.M) бобо M +++ +++ ++ + о 21 2.6 
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Tase II 
MODEEATELY INCREASED PULMONARY BLOOD FLOW--RCENTGENOSCOPIC FINDINGS 
А Меап 
Main Left T Ка! i Pulmo- PaO: 
н Age Pulmo- Pulmo- e Pape Rigit nary bu 
Case No. = 8 Basilar ing Pul- Basilar Systemic 
or wid nec Branches monary Branches мег Flow 
Artery Artery ` 7 | Pressure 
Artery ! Ratio 
(mm. Hg) 
G-oup па Atrial septal defect, including partial anomalous pulmonary 
venous drainage and septum primum defects 
so (Т.М 4 M РЕР Arr FF T T 14 y 
gt (AL. IO F 4 ++ a + О 11 1.6 
m DJ 17 M -+ Ea O + O 13 1.4 
53 (W.L.P.) 22 М FPT dT desee Tet r+ 14 1.8 
54 (P.R.) б oF + ++ + + о 15 PE 
Group ub— Ventricular septal defect 
$e (E. D.) i F T Tort +++ T qq 15 1.3 
£6 (БС) 2 F ++ ++ + -- O 8 I.X 
57 (J.H.) ? F +++ +++ О О о 11 1.8 
$8 (S.P.) 4 M ++ TT dq TT T 19 1.9 
59 (С.В.) 4 F ++ ++ ++ TE ++ 19 рае 
бо (W.H.) 4 М + + + + + + + 15 1.6 
61 (H.M.) 5 М TE Tei TTR qeu deeper 14 bad 
62 (A.R.) 5 F +++ +++ E + о 15 Eod 
63 (A.D.) 4 M ++-+ + + О O 12 AE 
64 (A.L.) & FP ++ ++ des 4 о 25 1.6 
65 (J.P.) 7 М FET qp Tent + Ter 19 1.4 
66 (J.B.) IO M + +-+ ++ + + 17 has 
67 (T.M.) IO M Tb TEM qe LE О 9 1.6 
68 (B.L.) 7 F ++ ++ ++ + О 17 L3 
69 (F.M.) IO F — —— + + + О 13 1.2 
70 (L.MeD.) 8 M + + + + E ++ + 14 1.6 
71 (А.М.) 7 Е ер qp qr eT +++ 17 1.9 
72 (W.W.) 6 M + _ d- -H O 10 i4 
aa TBG) 7 F — + + о Ter + 28/*3 1.6 
74 (М.Г) 9 F ++ + + + + О 20 Ж 
75 (С.5.) 6 F 4а +++ о + о 14 1.4 
26 ИВ.) 11 F + +++ + +++ + 18 [<9 
7; (E.M) 7 3 Toa TT Tert Tert rr 25 E. 
78 (S.P.) 9 E qe qp T TEE ape 25 1.6 
9 (R.H.) 12 M + + О + о 23/8 123 
8o (L.C.) 3 M ++ ++ +++ tot + 13 1.5 
81 (R.D.) 14 B ка T Jerry dew ep qe 12 1.4 
82 (W.G.) 6 М qe Eg Ter eer Ter 19 1.3 
83 (O.E.) ч Mae dE о de о 16 ii. 
84 (J.H.) Ee E ert Rer TT T о 18 1.3 
85 (SF) ? F +++ +++ + F о 20 Vay 
86 (R.L.H.) 8 M +++ +++ ++ 4- О 11 1.8 
Group пс Patent ductus artermsus 
857 (p. 13.) (- M EE — — E О 22/9 1.4 
88 (P.W.) T7 F + + + + + о 10 bet 
8g (R.C.) 16 F + + + + о + О 12 1.9 
go (P.M.) i; H ded де + d о T 1.2 
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an atrial septal defect fell into Group 1 and 
most patients with a ventricular septal de- 


tect fell into Group 11. Group 1 consisted of 


49 patients; Group п of 41 patients. 


ANALYSIS OF PULSATIONS WITH LARGE 
PULMONARY BLOOD FLOW 
GROUP I (TABLE I) 

Pulsations in the left descending pulmo- 
nary artery branch in the left hilus were 
markedly increased (++ +) in 42 of 49 pa- 
tients. In the remaining 7 patients pulsa- 
tions were graded as ++. The right de- 
scending pulmonary branch showed mark- 
edly increased pulsations (+++) in 36 
patients, moderately increased pulsations 
(++) їп 8 patients, and normal faint 
pulsations (+) in 5 patients. Pulsations in 
the pulmonary artery branches at the lefi 
base just above the diaphragm were in- 
creased (---P or ->-+-++) 15:38 of the 49 pa- 
tients. Absent pulsations were recorded in 
only 4 patients at the left base. 

Pulsations were slightly less prominent 
in the right basilar pulmonary artery 
branches than at the left lung base (+ + or 
+++ їп 31 of 49 patients). Absent pulsa- 
tions at the right base were recorded in 10 
patients. 

If the numerical grading of pulsations at 

each location is averaged for Group 1, the 
following values are obtained (Fig. 1): left 
descending pulmonary artery branch = 2.8 
(normal is 1.5); right descending pulmo- 
nary artery branch = 2.6 (normal is т.о); 
left basilar pulmonary artery branches 
=2.1 (normal 15 1.0); and right basilar 
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LESS THAN 26 mm Kg АТ. 
PULMONARY SYSTEMIC FLOW 
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Fic. т. Average pulmonary artery pulsations with in- 
creased pulmonary blood flow in Group 1 (49 pa- 
tients). 
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pulmonary artery branches=1.7 (normal 
IS О.Т). 

Ot the patients їп Group 1, only 2 (4 per 
cent) showed a completely normal pattern 
of pulsations in the pulmonary. arterial 
tree. The chest roentgenograms in these 2 
patients were distinctly abnormal with 
marked enlargement of the pulmonary 
arterial and venous trunks. 

Pulsations were equal in left and right 
descending pulmonary artery branches in 
all except g patients. 


ANALYSIS OF PULSATIONS WITH MODERATELY TO 
SLIGHTLY INCREASED PULMONARY BLOOD FLOW 
GROUP II (TABLE II) 

Pulsations in the left descending pulmo- 
nary artery branch were graded as +++ 
in 21 of 41 patients, ++ in 15 patients and 
+in 5. In the right descending ыи 
artery branch, pulsations were graded a 
+++ in то patients, ++ 1n 7 patients, 1 
(normal) in 22 patients, and absent (о) in 
2 patients. Pulsations at the left base were 
markedly increased (+++) in 7 patients, 
slightly increased (++) in 12, normal (+) 
in 15 and absent (о) in 7. Pulsations in the 
right basilar pulmonary artery branches 
were absent (0) in 23 of the 41 patients, 
normal (+) in 8, slightly increased (++) 
in 2, and markedly increased (4+ + +) in 8. 

It is to be noted that 14 of the 41 pa- 
tients (34 per cent) showed an entirelv 
normal pattern of pulsation in the pulmo- 
nary arterial tree. Also of interest is the 
fact that, with pulmonarv blood flow less 
than two times the systemic blood flow, 
pulsations were more asymmetric or un- 
equal between right and left descending 
pulmonary branches than in those patients 
having a pulmonary-svstemic flow ratio 
greater than 2.0. Of 41 patients, 23 showed 
this asymmetry between right and left de- 
scending pulmonary artery branches in 
Group п. The asymmetry was only slight 
in 15 of the 23 cases, but was rather marked 
in the remaining 8 cases. In contrast, 
asymmetry of pulsation between left 
and right descending pulmonary artery 
branches in patients of Group I was present 
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lic. 2. Average pulmonary artery pulsations with in- 
creased pulmonary blood flow in Group и (41 pa- 
tients). 


in only g of 49 cases, only 1 of these show- 
ing a marked asymmetry. 

If numerical grading of pulsations at 
each location 1s averaged for Group п, the 
following values are obtained (Fig. 2): 
left descending pulmonary artery branch 
= 2.4; right descending pulmonary artery 
branch = 1.6; left basilar pulmonary artery 
branches = 1.5; and right basilar pulmonary 
artery branches —0.88. 

DISCUSSION 

A qualitative evaluation of the pulmo- 
nary blood flow is perhaps the most im- 
portant diagnostic aid that the radiologist 
contributes in the critical appraisal of a 
patient with congenital heart disease. 
Roentgenoscopic studv of the pulsations in 
the pulmonary arterial tree will frequently 
vield valuable signs of increased pulmonary 
blood flow which тау be inconclusive on 
routine roentgenograms. The greatest 
amount of information will be obtained 
when all roentgenologic studies are evalu- 
ated together. Roentgenoscopic and roent- 
genographic data actually complement 
each other and neither alone should be re- 
lied upon entirely. Conventional roent- 
genoscopy is unreliable in the evaluation 
of pulmonary circulatory changes since 
visual detail is so poor. We believe that the 
use of image amplification is a necessity if 
one is to qualitatively evaluate pulmonary 
blood flow. 

Healey et al. in 1949° were perhaps one 
of the first group of authors to correlate 
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pulmonary blood flow with pulsations in 
the pulmomary arteries as seen with con- 
ventional roentgenoscopy. They concluded 
that an increase in pulsation of the pulmo- 
nary arteries could be related to an in. 
crease in pulmonary blood flow or an in- 
crease in pulmonary artery pressure or 
both. Campbell? in 1951 carried out a 
similar study and came to somewhat ditter- 
ent conclusions. He believed that pulmo- 
nary artery pulsation was primarily a 
function o! blood flow, whereas dilatation 
of the pulmonary arteries could result 
from an increase in pulmonary artery pres- 
sure or from an increase in pulmonary 
blood flow. Abrams! presented an excellent 
studv on the roentgenographic differences 
between increased pulmonary blood flow 
and pulmenary hypertension. Numerous 
studies corcerning the roentgenologic diag- 
nosis of pulmonary hypertension have been 
reported,'? but relatively few articles have 
appeared on the subject of roentgen diag- 
nosis of increased pulmonary blood flow. 


DEFINITION AND ETIOLOGY OF INCREASED 
PULMONARY BLOOD FLOW 

Normally the output of the right ven- 
tricle about equals that of the left ven- 
tricle. The systemic blood flow in liters per 
minute will approximately equal the pul- 
monary bleod flow; the ratio of pulmonary 
blood flow to systemic blood flow normally 
will be near 1.0. In any situation where a 
part of the cardiac output from the left 
side of the heart is shunted awav from the 
systemic circulation into the right side of 
the heart or into the pulmonary circula- 
tion, pulmenary blood flow will exceed the 
systemic blood flow. The amount of in- 
crease in pulmonary blood flow is best ex- 
pressed as а pulmonary-systemic flow 
ratio. 

An increase in pulmonary blood flow is 
seen in the congenital left to right shunts 
(atrial septal defects, ventricular septal 
defects, patent ductus arteriosus, and 
atrioventricular cushion defects) and in the 
complex admixture lesions (truncus arteri- 
osus, single ventricle, transposition of the 
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great vessels, atrioventricularis communis). 
The latter lesions are associated with high 
pulmonary vascular resistance, except 
when pulmonic stenosis is also present. 
The former group may have normal or ele- 
vated pulmonary vascular resistance. The 
present report 1s concerned with those pa- 
tients who had an increased pulmonary 
blood flow with normal or low pulmonary 
vascular resistance and pulmonary artery 
mean pressure not exceeding 26 mm. Не. 


ROENTGENOGRAPHIC DIAGNOSIS OF INCREASED 

PULMONARY BLOOD FLOW (TABLES III AND IV) 

In small or moderate shunts where the 
pulmonary blood flow is less than 2.0 times 
the systemic blood flow, the roentgeno- 
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graphic studies were normal in one third of 
our patients (Fig. 3, £, В and C). In gen- 
eral, the greater the pulmonary-systemic 
ratio above this level, the more prominent 
will be the roentgen changes. The most 
marked roentgen changes are seen in the 
patients with atrial septal defects and atrio- 
ventricular cushion anomalies, and sec- 
ondly in those with ventricular septal de- 
tects (Fig. 4, 4, В and C). For equal 
amounts of pulmonary blood flow, the 
patent ductus arteriosus produces the least 
roentgen change of the pulmonarv vascular 
structures. This fact has been explained? bv 
the time difference in the filling of the 
pulmonary vessels; the septal defects will 
have only a systolic flow phase, whereas 


Fic. 3. Posteroanterior chest roentgenograms 
of selected patients in Group п. (4) Case 51 
(A.C., female, ten years of age). Atrial sep- 
tal defect. The right descending pulmonary 
artery branch is slightly enlarged; the pe- 
ripheral arterial and venous branches are 
normal. There is an anomaly of the right 
clavicle. (B) Case 84 (J.H., female, twelve 
vears of age). Ventricular septal defect. The 
pulmonary arterial and venous trunks are 
within normal limits. (C) Case 89 (R.C., 
female, sixteen years of age). Patent ductus 
arteriosus. The main pulmonary segment 
and aorta are enlarged. The pulmonary ar- 
terial and venous shadows are normal. 
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patent ductus arteriosus has a continuous 
pulmonary blood flow during systole and 
diastole. 

Roentgenographic signs of increased 
pulmonary blood flow have been described 
by several authors.'^-? and our studies аге 
in agreement with these (Fig. 3 and 4). The 
main pulmonary arterv segment along the 
left heart border will show varying degrees 
of prominence, from a slight convexity to a 
marked bulge. There is usuallv dilatation 
of the right descending pulmonary artery 
branch in the right hilus (greater than 17 
mm. in the adult and adolescent and over 
Io mm. in the child). The peripheral ar- 
terial branches in the lungs are enlarged so 
that, as Abrams! has shown, the ratio of the 
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Fic. 4. Posteroanterior chest roentgenograms 
of selected patients in Group 1. (4) Case 31 
( B.R., female, fourteen years of age). Atrial 
septal defect. Prominence of the pulmonary 
venous shadows and dilatation of the ar- 
terial trunks. ( B) Case 46 (S.C., female, fif- 
teen years of age). Ventricular septal defect. 
Large pulmonary arterial trunks. (C) Case 
49 (W.T.M., male, ten years of age). Patent 
ductus arteriosus. Large aortic shadow and 
increased pulmonary arterial shadows. 


size of the central pulmonary branches to 
the size of the peripheral branches is less 
than 6:1. The increased vasculature seen 
in the lung fields is mainly the result of 
pulmonary venous distention. The dilated 
superior pulmonary veins produce the 
prominence of the upper hilar shadow in 
the frontal roentgenogram. The large in- 
ferior pulmonary veins are seen as hori- 
zontal vascular shadows below the hilar 
area, particularly along the right lower 
heart border. The inferior pulmonary veins 
on the left side are partially obscured by the 
heart, but can be well demonstrated by 
laminagraphy. This technique is also help- 
ful in separating the pulmonary arterial 
and venous shadows and a study of many 
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GREATLY INCREASED PULMONARY BLOOD FLOW—ROENTGENOGRAPHIC FINDINGS 



































Heart r Right 
T Size bea н р Left Descend- Right Pulmo- 
Case No. i DEX (cardio- " diets ig oe Basilar ing Pul- Basilar Aorta nary 
(yt.) ; nary nary | Pu 
thoracic E 7 Branches monary Branches Veins 
| Artery Artery i 
ratio) i y Artery 
Group та = Atrial septal defect, including partial anomalous pulmonary 
venous draimige and septum primum defects 
t (DXT.) 2 M 53.6 -+ 4 ++ + 4 12 — о b 
2 (M.S.W.) 2 F 60.5 + + + + 4 11 + O + + 
3 (А.С.) 3 F 54.2 +++ +++ + 8 + о +++ 
4 (M.D.) 6 M 58.8 ++ ача: cm 14 Fop о qp 
5 (J.B.) 8 M 45.5 TA T a 12 = O Р 
6 (D.V.) 8 I) 58.0 PP BE ра 13 үе O Mee 
TÉM.V.DO 9 M 49.6 ++ +++ +++ 17 +++ 9 ++ 
8 (J.L.) 7 # 55.6 + + ++ 12 ++ + ++ 
g. (D.V.) 9 F 48.8 рч ue Tr 12 TE O ++ 
10 (L.V.) 7 PF 49.2 Р Ter qr 15 ++ O ++ 
11 (P.S.) 11 F LX PR ++ +-+ + 12 + O ++ 
12 (M.A.L.) Il FÉ 49.5 n qe ke Sct I5 Tq © peu 
i (3C.) 6 F 49.5 der + a 12 + О + 
14 (E.McE.) її F 44.2 +++ +++ + 14 4- О ++ 
К.Р.) 7 М 9 FF ++ + 14 + о +++ 
16 (L.S) 6 |, 46.2 + + + + + + I4 + + + + 
pr425. 6 B 50.3 = + 4o + + 12 + о ++ 
18 (J.H.) 6 F 52.4 TU TP Slat 13 TE О TE 
19 (R.D.) T P 47.7 + apt + 12 + ++ +++ 
20 (J.B.) 9 F 66.5 ro x “Р 14 + О PF 
21 (D.W.) 0 d 57.5 qure FF T 15 Р о pedes 
Е.Р) 9 М 47.0 epe c ++ 15 TP O E E de 
23 (J.L.R.) 7 Е 54.6 ++ ++ + I1 + о ++ 
24 (B.S.) 11 F 50.7 ++ T T 15 + о ++ + 
25 (N.D.) 12 Е 46.0 ++ F EP e 15 ++ о +++ 
26 (5.5.) m T 45.5 FF Р T Е TT ES TEF 
a (TO 16 F $5.5 ++ Te Әр 18 + о ОР 
28 (A.L.) iG Е 48.2 тт PFF X4 15 pen о T4 
29 (W.E.A.) 13 М 49.6 ES qu "e 18 T O rr 
30 (P.A.R.) 13 F 47.4 +++ + + 15 c O ++ 
0t (DR) 14 F 211.9 qe a ies 13 dT O FPT 
32 (K.F.) 3; Е 53.0 ++ +++ ++ 18 ++ о ++ 
33. (Ү.Е.) 36 F $9.0 +++ ++ + 16 + о +++ 
34 (G.H.) 28 F 49.4 + ++ + 16 +- + ++ 
35 (J.S.) 19 M ji F + ++ 12 ++ о +++ 
;6 (C.R.) 41 M 53.2 Té Tob +++ 23 T er ARE 
37 (N.R.V.) 26 M 49.7 E + + 16 +. 4- ++ 
38 (LL.W.) 39 Р 58.7 qu^ эре c — xs T ++ 
39 (M.G.) js F 495.2 =} +++ ++ 21 ++ + +++ 
o (H.W.) 42° F 49.7 PF Tp з 20 TUE O TG 
41 (P.R.R.) 8 М 44.8 TFF cB TE 18 TE iE T 
42 (B.T.) 46 F 60.5 cepe эрер» pex 18 qu O TFET 
43 (A.M.) Ё. P 65.0 Tope pep 22 er + Per 
44 (L.F.) s Jg MT T oT т 7 рле — de 
45 (S.H) 45 F 60.6 Ter Spa FTF IO rr 89 rr 
Group tb—Ventricular septal defect 
46 (S.C.) is. F 52.6 +++ +++ +++ 19 ере O dep 
47 (G.T.) 5 М 45.8 ++ + + 10 + O ++ 
48 (F.C.) 2 M 49.2 + + + 12 Е ++ ++ 
Group 1c— Patent ductus arteriosus 
49 (W.T.M.) 10 M 55.4 qe F T 15 Р Ter FF 
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TABLE IV 


MODERATELY INCREASED PULMONARY BLOOD FLOW—ROENTGENOGRAPHIC FINDINGS 
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50 (T.M.) 4 des О 
ст (A.C.) о F 419.5 ++ + + 14 + О -+ -+ 
co. ILI.) 17 M 44 -4 “Р ++ afe 16 4- о 4 
eo (Ws) 22 M 41.1 —- + + E r8 + + + ++ 
са (P.R) 5 Е BEJO 23 TT = 9 «Р О + 
Group п Ventricular septal defect 
$$ (C. D.) 12 F 60.6 ++ + ++ + 9 ЕБ О + 
ge (SE) 2 F 49-7 T T + 9 ef T T 
57 О-Н.) 2 К 5543 T q + 9 T + T 
58 (S.P) 4 M $0.6 +t T4 + о + о ++ 
čo (C.B.) 4 F 24.0 «ре Td ae 11 + | TT 
бо (W.H.) 4 M 48.4 + TT + 15 + + 
61 (H.M.) 5 М 50.6 + + + 10 + О + — 
62 (A.R.) 5 F 41.4 + +-+ + 11 4- о + 
63 (A.D.) 4 М 60.7 ee T s 9 + right arch + 
N4 (A.L.) 4. E 57.5 —- 4 + 7 5 О 4 
65 (J.P.) 7 M 57.6 + TE T I3 + + ++ 
66 (J.B.) IC M 53.8 ++ ++ + 11 + + + 
67 (T.M.) с М 50.0 + ++ + 15 c О ++ 
68 (BL) ж P 4343 T E + 12 + + +++ 
69 (F.M.) ic Ј 42.9 + ++ + 12 4 + ++ 
70 (L.McD.) 8 M AL.O ++ ++ + I3 a о +4 
71 (A.M.) 7 B 45.8 ++ + + — 1S + 4 +++ 
72 (W.W.) ( М 46.3 + + + 13 + о 4 4- 
73 (B.C. ғ 2 aco p To + 4 + 4- u 
74 (M.D.) © P 4004 FF + Ed 13 + о T 
75 (C.S.) С & Жа +e + + [К = ide АЫ 
25 035) 11 | DE NE: + ++ + 12 + О =} 4 
77 (Е.М.) 7 F 63.6 + + + 15 + о 44 
ыа 9.6.) G F $2.8 + + + 12 + 4 д. 
^9 (RA) iz M 46.0 + + + E + О A 
so (L.C.) I= М 43.5 jr qe T К + T qo 
Хг (R.D.) ia F 44-3 TE uev T 13 + 4 d 
82 (W.G.) |f M 44.5 T x des + 16 = TEP FPT 
83 (О.Е.) 12 М 50.0 + + + 11 -+ ds “fs 
84 (J.H.) 12 p 45.0 T Ter ES 13 T T Р 
б (S.P) F к а ee ++ + + 13 + о + 
86 (R.L.H.) - M 38.1 + + + 12 4. + + 
Group uc Patent ductus arteriosus 
87 (E.T.S.) ( М 42.1 que -- d 12 + + 4. 
88 (P.W.) re К 40.6 ++ ES + 10 EE +++ + 
89 (R.C.) 1f F 47.2 Sr PF + DI T dor o 
go (P.M.) = F 47.0 + + + 2 + =. I 
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serial laminagrams of the chest has made 
evaluation of the routine chest roentgeno- 
gram more accurate in the recognition of 
the type of vascular shadow. 


ROENTGENOSCOPY WITH IMAGE AMPLIFICATION 

Roentgenoscopy with image amplifica- 
tion will show a pronounced increase in the 
pulsatile activity of the main pulmonary 
segment along the left heart border, in the 
left pulmonary artery branch in the left 
hilus, in the right descending pulmonary 
artery branch in the right hilus, and in the 
basilar branches of both lower lobes when 
the pulmonary blood flow is more than two 
times the systemic blood flow. As noted in 
Table 1, atrial septal defect and the atrio- 
ventricular cushion anomalies will show 
the most marked pulsations. These lesions 
usually exhibited the highest pulmonary- 
systemic flow ratios. Ventricular septal de- 
fects showed more variation in pulsations 
than did the atrial septal defects, but, in 
general, the pulmonary flows were some- 
what less in magnitude. Our experience 
with patent ductus arteriosus is limited, 
but a slightly different pulsatile pattern 
was observed in this group (only 5 cases). 
Moderate to marked increase in pulsations 
in the main and left pulmonary artery 
branches was seen, whereas only faint pul- 
sations in the right descending pulmonary 
arterv branch and no pulsations in the 
right basilar branches were noted. This pat- 
tern of pulsations simulates that seen in 
pulmonary valvular stenosis, but differs 
from the latter by having marked, asso- 
статей aortic pulsations. 

FACTORS IN THE PRODUCTION OF VISIBLE PULSA- 

TIONS IN THE PULMONARY ARTERIES 

The visible intrinsic pulsation in the 
pulmonary artery in patients with normal 
pulmonary arterv blood pressure and in- 
creased pulmonary blood flow is most likely 
related to the right ventricular stroke 
volume. With the increase їп ventricular 
stroke volume, there is also an increase in 
the speed of ventricular ejection. Our atrial 
septal defect group has the highest right 
ventricular stroke volume and shows the 
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widest intrinsic pulmonary artery pulsa- 
tions. 

In atrial septal defect, the shunted blood 
fills the right ventricle in diastole via the 
tricuspid valve; in ventricular septal de- 
fect, shunted blood fills the right ventricle 
predominantly in systole; in patent ductus 
artericsus, direct pulmonary artery filling 
occurs in both systole and diastole. 
Whether or not the way in which filling oc- 
curs influences intrinsic pulmonary artery 
pulsations cannot be determined from this 
study because of the large differences in 
pulmonary blood flow depending on the 
anatomical defect present. 

In untrained subjects following vigorous 
exercise, no significant increase in pulmo- 
nary artery pulsations occurred. One may 
speculate that in these cases the increase in 
cardiac output was predominantly due to 
an increase in heart rate rather than in 
stroke volume. When there is much pulmo- 
nary regurgitation, as may occur after sur- 
gery on a stenotic pulmonary valve, in- 
trinsic pulmonary artery pulsations are in- 
creased presumably because of increased 
right ventricular stroke volume. 

The physical properties of the large 
elastic pulmonary arteries are probably 
similar within each defect group; anatomic 
changes in the vessel walls are of little im- 
portance in the production of abnormal 
pulsations. The correlation of pulmonary 
artery pulse pressure with visible pulsation 
awaits a faithful recording of pulmonary 
artery pressure via a catheter tip trans- 
ducer. 


CHANGE IN PULMONARY ARTERY PULSATIONS AFTER 
OPERATIVE REPAIR OF DEFECT 

Nine of our patients (all in Group 1), as 
well as 4 additional patients for whom no 
preoperative studies were available, have 
been studied postoperatively after repair 
of the underlving defect (Table v). It will 
be noted that a striking change occurs in 
pulsations in right pulmonary artery 
branches; in all cases except 1, the right 
descending pulmonary artery branch was 
graded as+ (normal). Also, no pulsations 
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BLOOD FLOW—ROENTGENOSCOPIC FINDINGS AFTER OPERATIVE REPAIR OR DEFECT 








Right Descend- 





Right 





Main Left Lent 
Case No Pulmonary Pulmonary Bas lar ing Pulmonary Basilar 
Artery Artery Branches Artery Branches 
4 (M.D.) TT Ar T T O 
ECV) Ter Terr ЕР + о 
9 0,У.) qe TEF T T O 
е.) а Tee О + O 
31$ ND) E Ma S S To T T O 
j3 «Y.E.) + ав T т ? 
34 (G.H.) qr ToU E Es о 
36 (С.К.) ++ ++ о ++ о 
41 Р.К.) зх зая TB T + о 
(S.G.)* TTE qe Tow + O 
РАД" T T О + О 
(M.F.)* Р T T T O 
О + О 


(D.M.)* 


+++ 


++ 





* Not seen preopera‘ively. 


were observed in the basilar pulmonary 
artery branches in the right lung (a normal 
finding). The left pulmonary artery and its 
basilar branches, in contrast, showed little 
change when compared with the preopera- 
tive study (Table 11). Roentgenograph- 
ically, the pulmonary artery shadows 
showed some regression in size, but not 


which returned to a normal state in the 
postoperative study (Fig. 5, Z and В). It 
is, thus, the pulmonary veins which con- 
tribute most prominently to the “increased 
vascularity pattern” seen roentgenograph- 
ically in patients with increased pulmonary 
blood flow. 

From this limited number of observa- 


nearly as much as did the pulmonary veins, 


tions, it is suggested that, if a patient with 





Гас. с. (4) Preoperative and (B) postoperative posteroanterior roentgenograms of the chest. Case 43 (A.M., 
female, fifty-two years of age). Atrial septal defect. Note diminution in size of the pulmonary veins after 


repair of the atrial septal defect with persistent enlargement of the central pulmonary arterial trunks. 
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а septal defect continues to show abnor- 
mally increased pulsations in the right 
pulmonary artery branches after surgical 
repair, one should be very suspicious that 
the repair has been incomplete and that a 
residual left to right shunt is present. 


SUMMARY 


Pulmonary blood flow exceeds svstemic 
blood flow in the presence of a lefr to right 
shunt. Increased pulmonary blood flow is 
manifested by an increased pulsation of the 
main, left and right and basilar pulmonary 
artery branches in the lungs as observed 
with roentgenoscopic image amplification. 
Roentgenographically, there is dilatation 
of the main, hilar and peripheral pulmo- 
nary artery branches. The pulmonary 
venous shadows are particularly increased 
and contribute considerably to the ‘“‘in- 
creased vascular pattern” seen roentgeno- 
graphically. The aorta shows increased 
pulsations if the left to right shunt is due 
to an aortopulmonary communication. 
Roentgenoscopy with image amplification 
may provide evidence of increased pulmo- 
nary blood flow even though the roentgeno- 
graphic findings are equivocal. Roent- 
genoscopy with image amplification is an 
essential part of the evaluation of a pa- 
tient under clinical investigation for cardiac 
disease both pre- and postoperatively. 
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ARTERIOGRAPHIC CATHETERIZATION TECHNIQUES* 
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NGIOGRAPHIC procedures are in- 
creasing їп number and importance in 

the investigation of the various vascular 
systems. A thorough knowledge of the tech- 
niques is necessary to achieve good diag- 
nostic studies with minimal risk. This re- 


port presents a comprehensive discussion of 


percutaneous arteriographic catheteriza- 
tion techniques and complications that may 
occur. The discussion is based on a series 
of angiographic studies performed in the 
Roentgen-Diagnostic Department of the 
University Hospital, Lund, Sweden. 


REVIEW OF METHODS 
Гуо methods have been developed for 
angiographic studies. The first is by means 
of direct needle puncture and the second by 
catheterization. 


DIRECT NEEDLE PUNCTURE TECHNIQUE 

The first practical method of arteriog- 
raphy was by means of puncturing the 
vessel (by direct exposure or percutane- 
ously) and injecting contrast media. This 
was the first method used to demonstrate 
vessels of the extremities,’ brain,’ aorta?! 
and the left heart chamber." 


CATHETERIZATION TECH NIQUES 
A further important contribution to the 
studv of the vascular svstem was achieved 
bv the introduction of a catheter for the 
injection of the contrast medium ^». st 
This permitted 2 more selective demon- 

stration of predetermined regions. 
Insertion of the Catheter. The first prac- 
лса technique of arterial catheterization 


n man was reported in 1938 by Ichikawa” 


and in 1941 by Fariñas.” The femoral 


artery was exposed and a ureteral catheter 


was passed into the aorta. In 1947, 


Radner,“ of this department, passed a 
catheter from the radial into the vertebral 


arterv. This was the first time selective 
arterial catheterization had been per- 
formed. 


The method of catheterization via the 
radial artery was soon used to investigate 
the subclavian, thoracic and coronary ar- 
teries as well as the vertebral.!2:47—49.75—78 
The Radner technique was used in this 
department to investigate the abdominal 
aorta and its branches during the years 
1947—1953. In other centers, direct needle 
puncture of the aorta was the prevalent 
method. 

A further advance was made in 1951 
when Peirce’! reported a percutaneous 
method of arterial catheterization. He 
introduced a polyethylene catheter through 
a puncture needle into the arterial lumen. 
Seldinger? improved upon this technique 
bv first introducing a guide wire through 
the needle mto the lumen of the artery. The 
needle was removed and a polyethylene 
catheter was threaded over the guide into 
the artery. The guide was then removed 
leaving the catheter in place. Ву this latter 
method a catheter was exchanged for a 
puncture needle, both with the same outer 
diameter. This prevented excess trauma to 
the arterial wall as well as hematoma for- 
mation. 

Types of Catheters. Ureteral catheters 
were the first tvpes used. In 1941, Cour- 
папа and Ranges!’ described a radiopaque 
catheter that is still used, especially for 
angiocardiographv. Rodriguez-Alvarez and 
Martinez de Rodriguez?? carried out а com- 
prehensive studv of the flow rates of dif- 
ferent tvpes of catheters with different in- 
jection pressures. They stressed the impor- 
tance of side holes near the tip of the cath- 
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eter to decrease recoil and increase the 
amount of contrast medium per unit time. 
These catheters, which are occluded at the 
end, are introduced through a peripheral 
artery and are used for angiocardiography, 
left heart ventriculography and aortog- 
raphv. 

The polyethylene catheter? was first 
used by Helmsworth e al.“ for arteriog- 
raphy. This type of catheter is a necessary 
part of the armamentarium for the per- 
cutaneous technique of catheter introduc- 
tion because it is flexible, thin-walled and 
has an outer diameter the same size as or 
smaller than the puncture needle. The 
catheter can also be easily preshaped for 
the selective study of any vessel or region. 

The Radner technique could be used to 
obtain selective studies of the subclavian 
and vertebral arteries as well as the left 
ventricle of the heart. However, with the 
increasing demand for selective studies of 
other branches of the aorta, Tillander,® 
also of this department, in 1951 designed a 
catheter with a metal tip which could be 
directed by an electromagnetic field. In the 
same year, Bierman eż al.” made selective 
studies of the abdominal vessels by means 
of a radiopaque catheter introduced 
through the exposed carotid, brachial and 
femoral arteries. 

One of the disadvantages of the poly- 
ethylene catheter was the lack of radio- 
pacity, particularly during fluoroscopy. Gid- 
lund? overcame this by using a catheter 
with a metal tip. Edholm and Seldinger? 
left the guide wire in place during fluoros- 
copy. Lindell and Olin® applied a heavy 
metal to the tip of the guide. Gollmann?' ^ 
used a straight polyethylene catheter and 
then substituted the straight inner part of 
the guide for one with a fixed curve at the 
tip once the catheter was in the aorta. 
Odman®-®§ incorporated lead oxide into the 
polyethylene catheter, thus making it radio- 
paque. Although the outer diameter of this 
catheter was larger than that of a non- 
opaque polyethylene catheter having the 
same lumen, the tip could be tapered so 
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that it was easy to introduce bv the Seldin- 
ger technique. 

Certain precautions were proposed for 
arteriographic catheterization in order to 
obtain optimal results with minimal com- 
plications. The catheter should be tapered 
at one end for ease of introduction and 
reduction of trauma to the artery wall.. 9?! 
Side holes should be punched obliquely to 
the long axis near the tip of the catheter 
in order to reduce recoil during the injec- 
tion рһазе.?%%% 8° 

Odman55 showed that all catheters, ex- 
cept those which he designed, gradually 
tend to straighten out and so lose their pre- 
formed shape. The lead oxide in his cathe- 
ters changed the physical properties of the 
polvethvlene so that it would maintain its 
shape at body temperature. 

Additional Technical Aids. Many meth- 
ods have been used to enhance diagnos- 
tic potentialities of the catheterization 
method. А temporary slowing of the blood 
flow during the injection phase has been 
proposed: (1) Ьу lowering the blood pres- 
sure; (2) bv raising the intrabronchial pres- 
sure; (3) bv decreasing the heart rate with 
acety.cholin or prostigmin; and (4) bv 
introducing balloon catheters into the aorta 
Gr caval vemo 1959,69 

Ол preformed a yellow radiopaque 
catheter as if for left heart ventriculog- 
raphy but shaped the distal part into a 
loop with its plane running at right angles 
to the long axis of the catheter. This gave 
excellent results in dog experiments using 
small amounts of contrast material? but 
has not been fully developed for use in 
humans, as there is a risk of coagulum for- 
mation.” 

Full control of the injection rate 15 
necessary for an optimal study. Automatic 
injection machines have been invented to 
decrease the radiation hazard to the radiol- 
ogist as well as to provide a consistent and 
controlled injection.??:39.54. 80 

The development of the automatic film 
changer? has augmented the usefulness of 
selective arteriographic studies. 
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COMPLICATIONS 


Complicatiors have been noted both at 
the puncture site, during introduction of 
the catheter, ard within the vessels, caused 
bv the catheters or guide wires and bv the 
various contrast media used. 

Complications at the Site of Catheter [ntro- 
duction. Bleeding, thrombosis and embo- 
lism have been reported with the direct ex- 
posure method of catheterization.’ ! There 
is also a greater chance of infection by this 
method.? 

Ödman“ reported a few cases of throm- 
bosis of the femoral vein and a slight post- 
angiographic fever with the percutaneous 
method. This was probablv due to the high 
percentage of hematoma formation at the 
puncture site caused by using the large 
bore radiopaque catheter (2.85 mm. out- 
side diameter). To reduce the risk of hema- 
toma formaticn, compression over the 
puncture site was recommended for ten to 
fifteen minutes by hand or by a special com- 
pression apparatus? at the completion of 
the studv. Once a hematoma had devel- 
oped, an inject on of permease was recom- 
mended% with compression over the punc- 
ture site for a aalf hour to aid resorption. 
Aldman? suggested rubbing ointment of 
hirudoid on the skin over the puncture site 
to prevent thrombophlebitis and help re- 
sorption. 

Peirce and Ramey” reported a case of 
arteriovenous fistula between the femoral 
artery and saphenous vein following per- 
cutaneous puncture. 

Complications Caused by the Guide IV ire 
or Catheter. The tip of the guide wire may 
not pass the bifurcation of the aorta in 
cases with marked tortuosity. If the guide 
wire or catheter 1s forced against resistance, 
the tip of the guide may break or the cathe- 
ter may perforate the aortic ма. % 

Onlv a few reports of coagulum forma- 
tion in the catheter have appeared. Wil- 
liams e£ al." reported a case of coagulum 
formation at the tip of their specially. de- 
vised catheter for coronary arteriography. 
This apparently was the cause of coronary 
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arterv occlusion and infarction. А contin- 
uous injection of physiologic saline solu- 
tion with or without heparin has been 
recommended in order to prevent coagula- 
tion withim the catheter. 

When a catheter is introduced into a 
small artery (e.g., the brachial artery), 
spasm may деуе1ор.1% 20,59, 78,84,89 This spasm 
may be so intense that further examination 
is impossible. Various vasodilators as well 
as brachial plexus block have been used in 
order to relieve such a spasm. 

The tip of the catheter may block a 
small artery during aortography or coro- 
nary arteriography. If one of the coronary 
arteries 1s blocked and contrast medium 1s 
injected, serious complications may result. 
It is recommended that the tip of the cathe- 
ter be placed a few centimeters above the 
valves. 3")! Another method of preventing 
this is by monitoring the catheterization by 
means of electrocardiographic control.” 

А subintimal injection of contrast 
medium may result if the terminal opening 
of the catheter is directed against the inner 
wall of a large artery. 

Complications Due to the | Contrast 
Medium. Vhe brain and the kidneys are 
susceptible to varying concentrations, 
amounts, and types of contrast media. It 
has been shown that 1odopyracet (diodrast) 
and sodium acetrizoate (triurol, urokon, 
rheopak) produce more complications than 
salt of diatrizoate (hypaque, urografin, 
renografim, cardiografin).®:14—16.43.44.88 Lind- 
gren and Tórnell? demonstrated that high 
concentrations of contrast media are more 
dangerous than large amounts of low con- 
centration. Edling e al.” performed retro- 
grade aortographv bv femoral catheteriza- 
tion on dogs and found no signs of damage 
to normal kidnevs when using large 
amounts of high concentration. doses of 
sodium d?protrizoate (miokon) or a salt of 
diatrizoate (urografin). Berg, Idbohrn, and 
Wendeberg? studied the kidneys of rabbits 
and also reported no damage using the 
latter sal:s (urografin or hvpaque). How- 
ever, when they used miokon in a 50 per 
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cent solution or lower concentrations of 
lodopyracet and sodium acetrizoate, kidney 
damage was noted. 

The complications with hypaque or uro- 
grafin (renografin) are less than those noted 
with other contrast media. With these 
newer tvpes, no cases of kidnev damage in 
man have been reported. The earlier con- 
trast media produced many cases of renal 
failure? 5459,70 

The diatrizoate salts are not completely 
free from side effects. These have been 
demonstrated by experimental perfusion 
studies? and, in coronary arteriography, bv 
the development of associated electrocardi- 
ographic changes.*???$?! Because of the 
electrocardiographic changes caused bv 
hypaque, Dotter and Frische? recom- 
mended the use of thorotrast in coronary 
arteriography, a contrast medium known 
not to produce any electrocardiographic 
changes. Fabrikant eż a/.?> were of the opin- 
ion that electrocardiographic changes were 
of no consequence when using $О per cent 
hypaque, and that, consequently, there was 
no justification for using thorotrast. 

In selective angiography the contrast 
medium reaches the tissues in higher con- 
centrations with a greater risk of damage. 
Thus, accidental injection of large amounts 
of highly concentrated contrast medium 
into the renal arteries and the mesenteric 
arteries has produced extensive damage to 
the kidneys and bowels, respectively, and 


even  fatalities.?^*7 The experimental 
studies of Edling, Helander and co- 
workers?'-?! on dogs caused selective renal 


angiography to fall into disrepute. These 
authors showed that injections of large 
amounts of highly concentrated contrast 
media of the iodopyracet or sodium dipro- 
trizoate groups into the renal artery caused 
irreversible damage to the renal paren- 
chvma. Thev produced a long-standing, 
pathologic nephrogram in kidneys which 
then showed decreased clearance values as 
well as pathologic lesions in the form of 
small cortical infarctions. In some cases a 
normal nephrogram was obtained with 
smaller amounts of contrast media. There 
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was still, however, a depressed clearance 
value following angiography. 


ARTERIOGRAPHIC CATHETERIZATION 
TECHNIQUES USED IN THE PRESENT STUDY 
The arteriographic techniques here pre- 
sented are based on approximately 1,000 
studies performed percutaneously in the 
Roentgen-Diagnostic Department of the 
University Hospital of Lund. 


PRINCIPLES 


The method of preference to demon- 
strate an area or organ as selectively as 
possible is arterial catheterization. In order 
to use allits potentialities, each detail of the 
angiographic technique is important. The 
radiologist should perform the entire study, 
since the technical performance influences 
every step of the examination. There is no 
longer any justification for using a cut- 
down approach when the percutaneous 
methoc can be so consistently and success- 
fully applied. 


PREPARATION OF THE PATIENT 

The patient is given a light diet, cathar- 
tics, ard cleansing enemas as indicated. А 
preliminary survey roentgenogram is made 
of the area to be studied (abdomen, chest, 
etc.). 

The kidnev function should be within 
normal limits for апу tvpe of angiographic 
studv. One cc. of the intended contrast 
medium can be injected intravenouslv at 
least twenty-four hours before the exam- 
ination to test for any allergic responses. 

One hour before the studv, the patient is 
given a mixture of morphine and scopola- 
mine or phenobarbital depending on the 
age and size. А general anesthetic is used 
onlv for children. 

A local anesthetic is usually emploved at 
the puncture site. 


EQUIPMENT 


A sterile table is set up having a con- 
tuner with guide wires of different lengths 
and diameters, puncture needles, sterile 
metal bowls and towels (Fig. 1). 
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Fic. 1. 


Sterile table with container having various 
sizes of guides, Seldinger needles, and Luer-Lok 
adapters. Note Y-adapter for simultaneous injec- 
tion via two catheters and large bore catheter with 
preshaped bends. 


The various catheters are stored in con- 
tainers with bactericidal solutions. The 
most suitable catheter 15 selected with 
special attention given to length, diameter, 
and туре for the particular vessel and re- 
gion to be stud ed. At present, the poly- 
ethvlene catheters most used are sizes PE 
вбо (outer diameter 1.57 mm., inner diam- 
eter I.14 mm.) ала PE 205 (outer diameter 
2.08 mm., inner diameter 1.57 mm.), each 
having a guide wire of the appropriate size. 
Polyethylene catheters with a larger bore 
(PE 240 and PE 260) can also be intro- 
duced percutaneously if the tip is tapered.” 

The radiopaque catheter of Ödman is the 
mostusetul in percutaneousselective angiog- 
raphy. Three types of catheters were 
developed: (1) the large bore (yellow: outer 
diameter 2.85 mm., inner diameter 1.5 
mm.); (2) the medium bore (green: outer 
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diameter 2.4 mm., inner diameter 1.3 mm.); 
and (3) the small bore (red: outer diameter 
2.0 mm., inner diameter 1.15 mm.). Studies 
of the characteristics and flow rates of these 
catheters have been made.! The radio- 
paque catheter tip must be tapered. If a 
branch of the aorta is to be studied selec- 
tively, the catheter is shaped accordingly 
bv the application of heat. 

The catheter is washed through with 
physiologic saline solution. The guide wire 
Is passed through the catheter to check for 
ease of passage. The projecting end of the 
guide 1s measured when the tips of the 
catheter and guide are even. Thus, if neces- 
sary, the guide can be replaced to the same 
length when the catheter is within a vessel. 


METHOD OF CATHETER INTRODUCTION 


In the case of the femoral arterv, the 
needle is inserted just distal to the inguinal 
ligament, and, in the brachial artery, at the 
level of the elbow joint. 

Femoral artery catheterization is pre- 
ferred to the brachial because the larger 
caliber of the former permits the introduc- 
tion of a larger catheter without the risk 
of spasm. Brachial artery catheterization 
is, therefore, used only in these instances: 
(1) angiography of the subclavian artery 
and its branches; and (2) when it is 1mpos- 
sible to reach the region to be studied by 
the femoral route, e.g., advanced tortuosity 
or complete occlusion of the aorta due to 
atheroma or coarctation. 

Both arteries are well fixed to the sur- 
rounding tissue in the regions mentioned 
and are, therefore, easy to puncture. The 
arteries are accessible for compression fol- 
lowing the examination, thus preventing 
hematoma formation. In obese patients the 
femoral artery is best palpated immediately 
proximal to the inguinal ligament but, if 
punctured in this region, an uncontrollable 
bleeding may occur into the retroperitoneal 
space. 

When the artery 1s punctured percuta- 
neously and a good blood flow is obtained, a 
guide wire is passed down the cannula into 
the artery. The guide must pass easily 
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through the artery. Occasionally a slight 
resistance is felt when the tip of the guide 
enters the arterial lumen and meets the 
opposite wall. In inexperienced hands the 
guide тау perforate the opposite arterial 
wall and, in spite of local anesthesia, the 
patient will feel pain and may develop signs 
of shock. It is important, therefore, that 
not even the slightest resistance be felt dur- 
ing the introduction of the guide wire. 
There is also a risk of breaking of the 
flexible tip of the guide if the introduction 
is forced. The patient is instructed before 
the examination to notify the radiologist of 
апу pain, 

Once the guide is in the iliac artery it 
should be easy to pass it up into the aorta. 
The tip of the guide may not pass the bi- 
furcation of the aorta if there is a marked 
tortuosity. It should not be forced. The 
guide should be removed and replaced by 
a more flexible one, preferably one made of 
nylon or of wire with links.??* On occasion, 
insertion from the opposite femoral artery 
Is necessary to bypass an obstruction. In 
those instances where it is impossible to 
catheterize by the femoral route, the bra- 
chial artery is used. 

The guide should be removed as soon as 
possible because of the possibility of coagu- 
lum formation on the rough surface. While 
the catheter is in the artery, small amounts 
of physiologic saline solution are injected 
to keep it patent. 

A nonopaque polyethylene catheter is 
preferred whenever it is possible to place 
the catheter in a vessel without preshaping. 
The outer diameter of a nonopaque cathe- 
ter is smaller than that of a radiopaque 
catheter with a comparable lumen. The 
trauma to the femoral artery will thus be 
less. The smooth surface of the nonopaque 
catheter decreases the risk of clotring. The 
amount of contrast material delivered per 
unit time under the same injection pressure 
will be greater than with an opaque cathe- 
ter of comparable outer diameter, thus re- 
sulting in increased contrast density. In 
cases where the femoral artery is small and 
has a tendency to go into spasm (e.g., in 
children), the PE 160 catheter is preferred. 
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Selective angiography of the left heart 
chamber as well as of most branches of the 
aorta can be performed via the femoral 
route. The major prerequisite is that the 
catheter be shaped according to the topog- 
raphy of the aorta and the vessel to be 
catheterized. 

Following the introduction of the cathe- 
ter, the tip 1s positioned under fluoroscopic 
control or, preferably, using the image in- 
tensifier and a closed circuit television set- 
up. 

Once the study is completed, the catheter 
is removed and manual compression or 
pressure by a special balloon is used for at 
least ten to fifteen minutes over the punc- 
ture site. A careful selection of the puncture 
site with effective compression will prevent 
any excessive bleeding following the exam- 
ination. 


REGIONS STUDIED IN THE PRESENT 
INVESTIGATION 
HEART 


Left Heart Ventriculography. This pro- 
cedure is usually carried out under general 
anesthesia. The yellow radiopaque catheter 
and the smaller diameter guide wire are 
used. The catheter tip is tapered so that 
the terminal hole has a bore of the same 
diameter as the guide. Four to six side holes 
are punched near the tip to counteract re- 
coil during injection. A 30 degree bend near 
the tip facilitates passage through the aorta 
in the region of the left subclavian artery 
and centers the tip so that it will pass more 
easily beyond the aortic valves. The re- 
mainder of the catheter follows a course 
along the anterior wall of the aorta (Fig. 
2, М and B). The guide wire is removed 
once the catheter is in the aorta and then 
the catheter tip is placed in the left ventri- 
cle under fluoroscopy. About 10 сс. of con- 
trast material is injected manually to check 
for position and also to make certain that 
the tip is not lying against the endo- 
cardium. Continuous electrocardiographic 
control (preferably oscilloscopic) should be 
used. If the patient is intubated, the intra- 
bronchial pressure is raised to slow the 
heart rate while 50 cc. of 76 per cent uro- 
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Fic. 2. (4 and B) Thoracic aortograms made by using a nonopaque catheter (PE 205) via the femoral artery 
Aneurysm of the arch and ascending part of the aorta is demonstrated. Observe that the catheter follows 


the anterior wall of the aorta. 


grafin (renografin) or go per cent hvpaque 
at 39? C. is injected (7-8 kg./cm.?). 
Coronary Artertography. The PE 205 non- 
opaque catheter containing the guide wire, 
with their tips even, can be seen by fluoros- 
copy in the thoracic aorta. Sometimes it 
is impossible to pass beyond the level of the 
left subclavian artery. The catheter is then 
removed, leaving the guide in place. A bend 
is made a few centimeters from the tip by 
heating, and the catheter is reinserted. 
The tip of the catheter 1s positioned 2—7 


cm. above the aortic valves. Thirty cc. of 


бо per cent urografin or 45-50 per cent 
hvpaque are injected (4 kg./cm.?) during 
diastole. The heart rate may be slowed 
down bv raising the intrabronchial pres- 
sure. Another method in use at this depart- 
ment since 1956,° also reported bv Hase 
and Deterling?" and Richards and Thal,“ 
is the triggering of the contrast injection 
bv the R-wave through the electrocardio- 
graph, thus injecting the contrast medium 
during diastole. 


AORTA AND PELVIC ARTERIES 
Thoracic Aortography. The PE 205 cath- 
eter is introduced as in coronary arteriog- 
raphy. The tip is positioned 5 cm. above 


the aortic valves in order to reduce the risk 
of direct coronary artery injection and 
valve trauma (Fig. 2, 47 and В). 

[п the case of a suspected coarctation, 
two PE 160 nonopaque catheters are used, 
one being introduced from each brachial 
arterv. The tip of the catheter from the 
right brachial arterv 1s positioned in the 
ascending aorta, while that from the lett 
side 1s placed in the descending aorta Just 
above the stenosis (Fig. 3). The other ends 
of the catheters are connected together bv 
a Y-adapter (Fig. 1) to the automatic in- 
jector and до cc. of бо per cent urografin 
ог 45—50 per cent hypaque is injected (4-5 
kg. /cm.?). 

Abdominal Aortography. The PE 205 
catheter is introduced via the femoral route 
to approximately 30 cm. from the inguinal 
ligament. The guide wire is then removed 
and the catheter is filled with contrast 
medium (2 cc. for an 80 cm. long PE 205 
catheter) and a single anteroposterior ab- 
dominal roentgenogram 1s made to locate 
the position of the catheter tip. 

For aort:c renal angiography, the cathe- 
ter tip is positioned at the middle of the 
bodv of the second lumbar vertebra. The 
renal arteries branch from the aorta at a 
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іс. 3. Thoracic aortogram demonstrating coarcta- 
tion of the aorta. Two PE 160 catheters were 
introduced percutaneously by the brachial route. 
The left catheter (arrow) is above the stenosis; 
the right is in the ascending aorta. 


point above this equal to the thickness of 
about one vertebral body. The bolus of the 
contrast medium (30 cc. 60 per cent uro- 
grafin at 4 kg./cm.?) will reach all renal 
arteries with a minimal filling of the celiac 
axis and superior mesenteric artery (Fig. 4). 
This method gives an even distribution of 
contrast medium in both renal arteries and 
allows a comparison of the renal blood 
flows. If the aorta is wide and tortuous, the 
tip of the catheter must be placed slightly 
higher to allow for the recoil of the cathe- 
ter into the aortic curves during the injec- 
tion phase. 

With the development of selective cath- 
eterization techniques, abdominal aortog- 
raphy is now used for: (1) renal angiog- 
raphy in cases where the kidney 15 usually 
supplied by more than one artery (mal- 
rotated and dystopic kidneys, double kid- 
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nevs, and hydronephrotic kidneys); (2) 
cases with suspected suprarenal tumors: 
(3) those cases where selective angiography 
fails and the radiopaque catheter can easily 
be exchanged with a PE 205 nonopaque 
catheter; (4) cases where a comparison of 
the renal arteries is desired; ^" and (5) 
patients with hypertension and a suspected 
narrowing of a renal artery. According to 
Poutasse,? the lesion is usually localized to 
the origin of the renal arterv and is often 
bilateral. In selective renal angiography the 
tip of the catheter may pass beyond the 
lesion and thus fail to demonstrate it. 

It it is impossible to reach the abdominal 
aorta by the femoral route, a red radio- 
paque catheter 1s then introduced from the 
left brachial artery. The catheter is pre- 
formed with a 45° bend 4-5 cm. from the 
tip so that it will pass into the descending 
aorta. Contrast injection. with the blood 
stream requires a larger amount of con- 
trast medium under a higher pressure. 
About до cc. of бо per cent urografin at 
6 kg./cm.? is used. In occlusive disease of 
the aorta a smaller amount at a lower pres- 
sure 1s used (20 cc. of 60 per cent urografin 
at 4 kg./cm.?). 

Pelvic Arteriography. The PE 205 non- 
opaque catheter is inserted via the femoral 





hic, 4. Aortic renal angiogram shows that the right 
kidney, supplied by one artery, is displaced down- 
ward by a large suprarenal benign tumor; the left 
kidney is supplied by three arteries. The tip of 
the catheter is placed at the middle of the body of 
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route to the level of the aortic bifurcation 
(about 20 cm. from the inguinal ligament) 
and 20 cc. of бо per cent urografin 15 1n- 
jected (4 kg., cm.?). Compression of both 
femoral arteries during the injection in- 
creases the contrast density in the pelvic 
region. Both femoral arteries сап also be 
studied in this manner for arterial occlusive 
disease. 


BRANCHES OF THE AORTA 


Subclavian Arteriography. А PE 160 cath- 
eter is Introduced bv the brachial route and 
the tip is placed a few centimeters distal to 
the origin of the subclavian artery. About 
IO cc. of 45 per cent hypaque is injected 
at 2 kg./cm.? (Fig 54). This method is 
used in cases where there is no sign of pri- 
mary arterial disease (thrombosis or arte- 
ritis). 

Where there are signs ot occlusive disease 
of the subclavian or brachial arteries, cath- 
eterization of the subclavian arteries 1s per- 
formed via the femoral route. Ditterent pre- 
shaping of the catheter is necessary for the 
left and right subclavian arteries. For the 
left subclavian, a green catheter with a 
single terminal hole and a bend of 30° a 
few centimeters from the tip 1s used to by- 
pass the vertebral artery. The same amount 
of contrast material and pressure 1s used as 
previously mentioned (Fig. 54). For right 
subclavian arteriography, the catheter 15 
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S-shaped, one curve for the aorta and one 
for the innominate artery (Fig. 6). It is 
often difficult to catheterize the right sub- 
clavian arterv because the tip tends to pass 
into the common carotid artery. А short 
bend in a lateral direction at the tip тау 
sometimes help. If it is impossible to cath- 
eterize the subclavian artery, then the tip 
is placed m the innominate artery in the 
region of the orifice of the subclavian artery 
and 20 cc. of 45 per cent hvpaque is injected 
at 2.5—3.0 kg./cm.*. 

Selective Angiography of Abdominal Ves- 


sels. It is important to know the topo- 


graphic relationship when studying the 
branches of the abdominal aorta selec- 
tively. The renal arteries arise from the 
lateral wall of the aorta at the level of the 
disk space between L-1 and L-2 with a 
variation of one vertebral body caudally or 
cephalically. The superior mesenteric ar- 
tery and celiac axis arise from the ventral 
part of the aorta about 0.5-3.0 cm. and 
1.0-4.0 cm., respectively, above the origin 
of the renal arteries. Before the examina- 
tion, a lead indicator 1s placed on the back 
in the midline at approximately the level 
of the disk between L-1 and L-2. A plain 
anteroposterior roentgenogram of the spine 
will localize the indicator. 

A small or medium bore radiopaque cath- 
eter is used for the renal arteries; and а 
medium or large bore for the ventral bran- 
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(4) Normal right subclavian arteriogram. А PE 160 catheter was introduced Ьу the brachial route. 


Note the small vertebral artery. (B) Left subclavian arteriogram of the same case. А radiopaque catheter 
(arrow) was introduced by the femoral route. Observe the wide vertebral artery. 
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lic. 6. Right subclavian arteriogram made using a 
radiopaque catheter introduced via the femoral 
artery. Thrombosis of the subclavian artery with 
well-developed collateral circulation 1s shown. 


ches. The end of the catheter is tapered so 
that a small guide wire can pass through it 
and then the necessary bends are pre- 
shaped. Side holes are not used in the cath- 
eter for selective studies. 

In selective renal angiography the catheter 
must have a bend at the tip, the arc of 
which is slightly larger than the diameter 
of the aorta. This provides easy introduc- 
tion and positioning in the renal artery. In 
young, slender people, especially women, 
the bend near the tip of the catheter must 
not have an arc greater than 1 cm. in 
diameter; while in elderly people (7.e., tall 
arteriosclerotic men), the arc must be at 
least 3-4 cm. (Fig. 7). The angle formed by 
the terminal portion of the bend and the 
long axis of the catheter is determined by 
the course of the renal artery trom the 
aorta to the renal hilus."! In low-lying kid- 
neys the renal artery has a steeply descend- 
ing course and requires an acute angle near 
the catheter tip which parallels the long 
axis (Fig. 8). In about 10 per cent of all 
kidneys a branch arises early from the 


Erik Boysen and George L. Feinstein 


JUNE, 1961 


renal artery. Therefore, the tip of the cath- 
eter must be placed just within the origin 
from the aorta in order to prevent nonfilling 
of this branch. Either femoral artery may 
be used for the puncture but the shaping of 
the proximal curve of the catheter is dif- 
ferent for the 1psi- or contralateral renal 
arteries.? [t the tip of the catheter cannot 
be placed in the renal arterv, then a small 
injection of contrast material will reveal a 
tortuosity of the aorta or any other ana- 
tomic changes. The guide wire is reinserted 
and the catheter is removed for the forming 
of new bends as determined by the aortic 
pattern. Occasionally the tip of a small 
catheter can enter a lumbar artery but then 
there is little or no return blood flow 
through the catheter. As a check, 10 cc. of 
physiologic saline solution injected down 
the catheter will produce back pain, while, 
if the tip is in the renal artery, no pain is 
experienced. 

In a person with a normal functioning 
kidney of good size (measured during urog- 





їс. 7. Selective renal arteriogram of the left kidney. 
[he tip of the catheter is too long for the small 
diameter aorta, 
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Fic. 8. Selective renal arteriogram of a low-lying 
kidney. Observe the acute bend of the catheter tip. 


raphy), the mecium bore (outer diameter 
2.4 mm.) catheter will not obliterate or 
cause spasm of the renal artery (about 5 
mm. in diameter). If the kidney size is 
reduced or if function 1s abnormal, the 
smallest cathete- (2.0 mm.) must be used. 
Contrast medium is injected only if there 
is a normal blood return through the cath- 
eter and therefore 16 1s important not to 
have side holes (Fig. 9, Z and В). 

The amount of contrast medium to be 
injected is dependent upon the amount of 
functioning kidney parenchyma. In a small 
poorly functioning kidney, 3 cc. of 45 per 
cent hvpaque is sufficient. In а normal 
functioning kidney, § cc. of 45 per cent 
hy paque is injected, while in a kidney with 
a large tumor 8-10 cc. might be required. 
The injection pressures range between 2.0 
and 2.5 kg./cn&? (5 cc./sec.). The elec- 
trocardiographic injection control system 1s 
used because the blood flow is less in di- 
astole and no blood stream lines will ap- 
pear in the contrast medium. 
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Selective studies of the celiac axis and 
superior mesenteric arteries require a 
medium or large bore catheter with the 
terminal bend having a larger arc than that 
used in renal angiography. This is because 
of the greater diameter of the aorta above 
the region of the renal arteries. A curve 15 
preshaped for the normal lordosis and an- 
other proximal bend at right angles tor the 
aortic bifurcation. The level of the renal 
arteries 15 frst localized bv introducing the 
tip of the catheter into one of the orifices 
under fluoroscopy or using the image in- 
tensifier. The level is noted and the catheter 
is withdrawn. The tip is rotated anteriorly 
and the catheter 15 inserted further. The 
tip should now easilv enter one of the two 
ventral arteries. A small amount (5-10 cc.) 
of contrast material is injected under fluoro- 
scopic control. The vascular pattern will 
reveal which arterv has been catheterized. 
If there is diffculty catheterizing one of the 
ventral arteries, then an injection should 
be made into the aorta and the catheter 
should be reshaped to contorm to the actual 
shape of the aorta. 

Once the catheter is in place, 30 cc. of 
бо per cent urografin (renografin) 1s in- 
jected under a pressure of 2.5-3.0 Ке. /ст.? 
(10-15 сс./зес.). 

Vertebral angiography is performed in 
vounger patients bv catheterizing the left 
vertebral arterv via the femoral route with 
the PE 205 catheter containing the guide 
wire. This can easily be seen in the cervical 
region by fluoroscopy. In adults, vertebral 
angiography is usually performed by the 
direct percutaneous method. In patients 
under the age of forty, the catheter tip will 
usually pass directly into the left vertebral 
artery.” If the catheterization is unsuc- 
cessful in the first few minutes, the catheter 
and the guide wire must be retracted. An 
injection before withdrawal of the catheter 
from the subclavian artery will help eluci- 
date anatomic variations, 7.e., a small ves- 
sel, absent artery on the left side, marked 
tortuosity of the vertebral artery, etc. 

Catheterization of the right vertebral 
artery is attempted by the brachial route 
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l'16. 9. (4) Selective renal arteriogram with the tip of the catheter introduced into a branch supplying part 
of the upper pole. Observe the normal flow from the catheter because of side holes near the tip. (B) Aortic 
renal angiogram of the same case a week later. The upper polar branch (arrow) is occluded as a result of 


the previous catheterization. 


In younger patients before the direct per- 
cutaneous vertebral puncture method is 
used. In this case, a red radiopaque or a PE 
160 nonopaque catheter is used with a bend 
about I cm. from the tip. It is easier to 
introduce the tip of the catheter into the 
right vertebral artery than into the left 
from the brachial route because of the per- 
pendicular course of the vertebral artery in 
relation to the subclavian. On the left side, 
the vertebral and subclavian arteries form 
an acute angle (Fig. £5). Manual injection 
of § cc. of 45 per cent hvpaque is used. 
DISCUSSION 

Based on experience gained trom approx- 
imately 1,000 cases we may affirm that the 
percutaneous arteriographic catheteriza- 
tion technique is relatively simple if certain 
precautions are taken. 

Most complications can be avoided by 
adhering to certain principles. The catheter 
used in the percutaneous technique re- 
quires a terminal hole in the tip. In some 


angiographic studies, e.g., left heart ven- 
triculography, there is a danger of subendo- 
cardial# injection of contrast material 
through the terminal hole with the high 
pressure used and, therefore, a test injec- 
tion should be made. There may also be a 
recoil of the catheter during the injection. 
Catheters with side holes placed only near 
the tip are used to overcome this in angio- 
cardiography and left heart ventriculog- 
raphy. With the percutaneous method, 
four to six side holes are punched in the 
catheter and the terminal hole is reduced 
by tapering to fit the small guide wire. 
Side holes near the tip of the radiopaque 
catheter have also been recommended for 
aortography — and selective — arteriog- 
raphv. 557-9 Tt has, however, been our 
experience that the polvethvlene catheter 
should never have side holes except for 
left or right heart catheterization. Con- 
trast material mav be injected subintimally 
into the aorta (Fig. 10) or an occluded 
branch during selective angiography. 
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The most advanced renal lesions in ex- 
perimental selective renal angiography 
were caused by contrast medium being in- 
jected into an anoxic kidney. Coagulum 
formation may occur at the catheter tip 
and, when the medium is injected, may 
throw off an embolus. If the catheter has 
no side holes and if the contrast material 
is injected only when there is a maximum 
return of blood, such complications can be 
avoided. 

Chemotoxic lesions have been produced 
in the kidney by contrast media used in 
experimental selective renal angiography 
on dogs. These changes can be explained, 
first, by the toxicity of the contrast media 
used and, second, by the large amounts of 
contrast medium used in relation to the 
size of the kidneys. Therefore, these studies 
cannot be applied directly to man, espe- 
cially since the diatrizoate salts, which have 
been shown to be practically nontoxic, were 
not used. 

The present technique of selective renal 
angiography via the femoral artery using 
the diatrizoate salts (hypaque, urografin, 
renografin, etc.) has been employed in more 
than 200 cases and there have been no 
signs of renal damage due to these newer 
tvpes of contrast media. 





Fic. ro. Aortic renal arteriogram made using a 
radiopaque catheter intended for selective renal 
arteriography. The catheter contained side holes 
and therefore a good return flow was noted. Ob- 
serve that part of the contrast material was in- 
Jected subintimally via the terminal hole. 
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SUMMARY 


The present technique of arteriography 
is to study the vessels as selectively as pos- 
sible. The development of arteriographic 
catheterization techniques and the com- 
plications are reviewed. 

Experiences with percutaneous arteriog- 
raphy, based on approximately 1,000 
cases, performed at the Roentgen-Diagnos- 
tic Department of the University Hospital, 
Lund, Sweden, are described. 

Two puncture sites are suitable for the 
percutaneous introduction of a catheter: 
the femoral (which is preferable) and the 
brachial arteries. 

Different types of catheters (non- or 
radiopaque) are used, depending on the 
puncture site and the vascular regions 
which are to be studied. The catheters as 
well as the amounts and types of contrast 
media and the injection pressures are de- 
scribed. 

When complications arise they are often 
due to inexperience in the use of these tech- 
niques. These complications may be at the 
puncture site, or they may be due to the 
guide wire, catheter or contrast medium. 
Only the salts of the diatrizoate (hypaque, 
urografin, renografin, etc.) should be used. 
If the above mentioned precautions are 
taken, percutaneous catheterization arteri- 
ography is a safe and valuable procedure 
which is relatively simple to perform. 

Erik Boijsen, M.D. 
Department of Diagnostic Radiology 


Lunds Lasarett 
Lund, Sweden 
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A SIMPLE ISOTOPE DILUTION TECHNIQUE FOR 
QUANTITATIVE DETERMINATION OF 
LEFT TO RIGHT SHUNTS* 


By К. AMPLATZ, M.D- J. MARVIN, Pa.D.f P. WINCHELL, M.D, G. GOMEZ, 
MD, P. ADAMS, M.D., end К, G. LESTER, M.D. 


MINNEAPOLIS, MINNESOTA 


MALL isolated left to right shunts con- 

stitute a fairly large percentage of con- 
genital cardiac defects. At this time it 1s not 
definitely known whether these patients 
have a normal life expectancy. As the sur- 
gical mortality rate decreases, the presence 
of a known intracardiac defect might be- 
come an indication for correction. This 15 
now generally accepted for cases of patent 
ductus arteriosus. 

Oximetrv, the most widelv used diag- 
nostic method, does not allow the detection 
of small left to right shunts or shunts with 
balanced pressures. This relative lack of 
sensitivity is mainly due to: (1) varving 
oxygen content of caval blood coming from 
different organs (renal, hepatic, azygos, 
etc.); (2) lack of complete mixing of venous 
blood in the right heart (streamline flow); 
(3) different flow rates in the superior and 
inferior vena cava; and (4) changes in the 
metabolic state during catheterization 
(crying, etc.). The obtained values, there- 
fore, are sometimes confusing, and in 
many cases the results are of questionable 
significance. 

[n recent vears other more accurate 
methods to detect left to right shunts have 
been developed. Sanders and Morrow? 7:5 
used the large arteriovenous difference 
which exists following the continuous in- 
halation of an inert gas (nitrous oxide or 
radioactive krypton) to diagnose arteri- 
ovenous shunts. They found their test to be 
superior to oximetry in a large number of 
patients. Case et al. employed the same 
principle in animal experiments using radi- 
oactive ethyl iodide. Swan and Wood"? de- 
monstrated that small left to right circu- 
latory shunts can be detected by recording 


dve dilutien curves from the right heart 
following the injection of an indicator into 
the left heart. Based on this same principle 
we have developed a very simple, highly 
sensitive test which has proved to be more 
accurate than oximetry in a large group of 
patients at the University of Minnesota 
Heart Hospital. 


BASIC PRINCIPLE 


With a single inhalation a minute 
amount of a radioactive gaseous indicator 
(methyl iedide 131) is introduced as a 
“bolus” into the left atrium and from there 
passes into the left ventricle and then the 
aorta. In the presence of a left to right 
shunt, radioactive blood appears in the 
right heart almost immediately (one to 
three secomds) following the inhalation. In 
the absence of a shunt, at least six seconds 
elapse befere radioactivity appears in the 
right heart. Small blood samples (0.3-1.0 
cc.) are obtained through a cardiac catheter 
from the right heart by means of an auto- 
matic sampler, which draws samples at two 
second intervals. The obtained blood sam- 
ples are counted in a standard well scintil- 
lation counter, and the values of radio- 
activitv are plotted as a curve. In the pres- 
ence of a left to right shunt there is an 
abrupt and steep rise in the radioactivity 
curve several seconds before the normallv 
and slowly rising radioactivity curve of the 
venous return (Fig. 1). 

The diagnosis of an existing left to right 
shunt can be established from these curves 
three ways. (1) The appearance time of 
radioactivity of the shunt curve is alwavs 
shorter than that of the venous return 
curve. (2) The short, abrupt peak of the 
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left to right shunt curve is distinctly differ- 
ent from the gradual slope of the venous re- 
turn curve. (3) The venous return curve is 
invariably lower than the left to right shunt 
curve due to diffusion of methyl iodide into 
extravascular spaces in the peripheral 
capillary bed. We have found this to be 
true in even very small left to right shunts. 


LOCALIZATION OF SHUNTS 


The first study is usually made with the 
catheter in the pulmonary artery. If the 
radioactivity values in the obtained blood 
samples indicate a normal venous return, 
no additional inhalations are necessary and 
the catheterization may be concluded. If a 
shunt is demonstrated, additional inhala- 
tions must be made at the right ventricular 
and/or right atrial levels in order to local- 
ize the shunt. Using a double lumen cath- 
eter, one may sample simultaneously from 
two cardiac chambers. Sampling trom the 
superior or inferior vena Cava is not neces- 
sary unless anomalous venous return to 
the vena cava is suspected. Since radioac- 
tive methyl iodide is a highly diffusible sub. 
stance and is not excreted through the 





(0) 4 8 12 le 20 24 28 32 
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Fic. 1. Small left to right shunt which was not dem- 
onstrated by oximetry. Shunt curve from pulmo- 
nary artery, venous return curve from right atrium. 
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lung, the blood radioactivity is quickly 
stabilized, and the study may therefore be 
repeated ın different cardiac chambers al- 
most immediately. 


QUANTIFICATION OF SHUNT 


Stewart? and Hamilton and Remington? 
have shown that the cardiac output is cal- 
culated from indicator dilution curves bv 
dividing the dose of the injected indicator 
by the area under the primary curve. Since 
the inhalation of radioactive methvl iodide 
IS in essence an injection of an indicator 
substance into the left heart, the dilution 
curve from a svstemic arterv can be used to 
compute cardiac output bv the same 
principle. The diffusion of methyl iodide 
into extravascular spaces occurs primarilv 
in the peripheral capillary bed; con- 
sequently, the dilution curves obtained 
from a systemic artery or the shunt curves 
from the pulmonary artery, which are like- 
wise proximal to the capillary bed, are con- 
sidered to be representative and undis- 
torted. 

In a patient with a left to right shunt, 
simultaneous dilution curves obtained from 
the pulmonary artery and femoral artery 
are almost identical in configuration (Fig. 
2), and their area is directlv related to the 
size of the shunt: 


shunt flow 





pulmonary flow 


area pulmonary у artery curve 


area femoral artery curve 


As the total pulmonary flow is also 
cardiac output plus shunt flow, the amount 
of shunted blood can easily be expressed in 
ml. per minute or percentage of peripheral 
How. Because of the high solubility of 
methyl iodide 131 in the bronchial mucosa, 
a correction factor must be used, taking 
into consideration that only £o per cent of 
the methyl iodide is immediately trans- 
ferred :n the pulmonary alveolar bed. 

Since cardiac output can also be calcu- 
lated from the surface area of the patient 
or from the Fick principle,* one can easily 
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Fic. 2. Left to right shunt with simultaneous curves 
from the pulmonzry artery and femoral artery. 


compute the area under the femoral curve 
without actuallv obtaining samples. The 
shunt flow can, therefore, be calculated 
without drawing arterial samples, which 15 
a decided advantage in patients in the 
pediatric age group. 


PHYSICAL PROPERTIES AND 
METABOLISM OF METHYL 
IODIDE 131 


Radioactive methyl iodide was chosen as 
an indicator substance because this gas has 
certain unique properties. Thode ef al." 
have used this substance for inhalation 
radiocardiography. These authors have 
shown that in order to approach toxic 
levels one would have to use two hundred 
thousand times the amount used during 
one of these tests. Methyl iodide 131 is a 
yellow liquid wit1 a boiling point of 42.5° C. 
and evaporates readily at room tempera- 
ture. This radioactive gas is easily pre- 
pared. Basically, one to two drops of 
stable methyl iodide are added to radio- 
active sodium iodide in a bottle which is 
closed with a rubber stopper. This is ade- 
quate to examine approximately 500 pa- 
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tients. Because of the decay of iodine 131 
(half life, eight days), the solution must be 
renewed monthly. 

In the body the methyl iodide molecule 
is hydrolyzed, and free iodine ions circu- 
late; consequently, there is no significant 
exhalation of methyl iodide through the 
lungs, making the use of this gas safe to 
the operator. If the thyroid gland has been 
blocked with stable iodine (Lugol's solu- 
tion or potassium iodide), the radioactive 10- 
dine ions are excreted fairly rapidly through 
the urine (Table 1). Numerous excretion 
studies in humans and animals have shown 
the biologic half life to be six to ten hours. 
Usually 85 to 95 per cent of the radioactive 
material is recovered in the urine in a 
period of thirty-six hours. 

Since iodine 131 is an emitter of hard 
gamma rays, the blood samples are counted 
in a standard well scintillation counter 
with high efficiency, thus allowing the use 
of a very low tracer dose. Usually 3—8 ис is 
given per inhalation, depending on the age 
of the patient, whith no significant radia- 
tion hazard to the patient or the operator. 


TECHNIQUE 


On the dav of the catheterization, small 
stainless steel tubes are charged with o.z- 
4.0 cc. of methyl iodide 131 gas. These 
tubes are taken to the catheterization 
laboratory and counted, with the scintilla- 
tion counter at a fixed distance, in order to 
determine the exact dosage contained 
therein. The patient’s head is placed under 
a small, constantly evacuated acryllic hood 
(A in Fig. 3). The air from this hood is 
drawn through a small carbon filter which 
absorbs the uninhaled methyl iodide 131 
quantitatively. After the test 1s completed, 


TABLE ] 


TOTAL EXCRETION OF I?! IN THE URINE WITH 
THE THYROID BLOCKED 





6 hours 50% 
12 hours 75% 
24 hours 87% 
36 hours 94% 
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бс. 3. Apparatus for the isotope dilution technique: 
acrylic hood (A), rubber catheter (B), air in- 
fiated rubber balloon (C) attached to steel tubing 
(1), nose clamp (D), and cardiac catheter attached 
to automatic sampling device (E). 


this small filter together with the steel tub- 
ing is counted in order to determine the 
exact loss of methyl iodide 131. For the 
actual examination (Fig. 3), a small rubber 


catheter (B) and an air inflated rubber bal- 
loon (C) are attached to the steel tubing (I) 
containing the radioactive gas. The pa- 
tient's nose 1s closed with a small clamp 
(D), and the rubber catheter is placed into 
the patient's mouth. The cardiac catheter 
is attached to the automatic sampling de- 
vice (E).* The patient is instructed to ex- 
hale and then to take one deep breath. At 
the beginning of the inhalation the valve on 
the steel tubing is opened by the operator 
and the air in the rubber balloon forces the 
small amount of radioactive methy] iodide 
gas into the patient's mouth as a "bolus." 
In children the valve is triggered auto- 
matically. Simultaneously with the inhala- 
tion the sampling device is started, and 
blood samples are drawn into test tubes at 
two second intervals. The rate of blood 


* The possibility of drawing one sample manua ly during the 
first ten seconds 1s being investigated. 
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flow into the test tubes can be regulated by 
changing the vacuum in the sampling 
chamber. Usually то to 15 samples of 0.3- 
1.0 cc. of blood are withdrawn. The test 
tubes are taken out and two or three repre- 
sentative samples are scanned in the scintil- 
lation counter for fifteen seconds. If one of 
the early samples shows high radioactivity, 
the presence of a left to right shunt is im- 
mediately established. 

For complete calculation each blood 
sample is counted for one to two minutes 
and corrections are made for catheter 
volume and slight difference in volume of 
the samples. The curves are standardized 
to an injected dose of 6,000 counts per I 
meter of surface area. The advantage of 
this standardization is that all venous re- 
turn curves have an almost identical height 
with shunt curves being much higher. The 
magnitude of a left to right shunt can be 
immediately estimated by inspection of the 
shunt curve. For exact quantification of 
the shunt flow, the area under the curve is 
calculated. 


RESULTS 


One hundred and five patients with con- 
genital heart disease who were undergoing 
cardiac catheterization have been examined 
by this method at the University of Min- 
nesota Heart Hospital. There was generally 
good correlation between the oximetric 
findings and the methyl iodide 131 study 
in large left to right circulatory shunts. 
There was excellent correlation between 
the clinical impression and the methyl 
iodide 131 test. In 13 patients a shunt was 
detected by this test in spite of normal 
oxygen values obtained by the oximeter 
and VanSlvke method. The clinical diag- 
noses and findings of the methyl iodide 131 
test are summarized in Table п. 

It is apparent that the majority of the 
cases 1п which oximetry failed had small 
interventricular septal defects. The excel- 
lent correlation between the clinical diag- 
noses and the findings of the methyl iodide 
131 test indicates that the stethoscope of an 
experienced clinician is a sensitive tool for 
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Using Methyl Iodide 131 








Interventricular septal defect 
Interventricular septal defect 
Interventricular septal defect 


Interventricular septal detect 
Interatrial septal defect 


Interventricular septal defect 
Left to right shunt (curve 

from pulmonary artery only) 
Interventricular septal defect 
Interventricular septal defect 


Interventricular septal defect 


Interventricular septal defect 
Interventricular septal defect 


Case Ne. Using Oxygen Clinical Diagnosis 
| No shunt Interventricular septal defect 
2 No shunt Interventricular septal defect 
3 No shunt Interventricular septal defect plus pulmo- 
nary stenosis 
4 No shunt Interventricular septal defect 
с No shunt Interventricular septal defect? patent duc- 
tus arteriosus? interatrial septal defect 
6 No shunt Interventricular septal detect 
7 No shunt Pulmonary stenosis or interventricular sep- 
tal defect plus pulmonary stenosis 
8 No shunt Interventricular septal detect 
9 No shunt Interventricular septal defect plus pulmo- 
nary stenosis, interatrial septal defect? 
10 No shunt Interventricular septal defect? interatrial 
septal defect, innocent? 
11 No shunt Interventricular septal defect 
12 No shunt Postoperative tetrad 
13 No shunt Postoperative interventricular septa! defect 


Interventricular septal defect 














detecting ventricular septal defects. Prior 
to the development of this test, the clinical 
diagnosis could not be confirmed, and the 
patients were thought to have functional 
murmurs. In two postoperative patients, 
small res dual shunts were detected. This is 
а rare occurrence, since the vast majority 
of our postoperative patients show com- 
plete closure of cefects with no residual left 
to right hunt when examined by this sensi- 
tive metaod. Ncne of the 13 patients with 
an estab ished diagnosis of a shunt has as 
vet been operated upon. In Case no. 5 the 
left ventricle was entered during cardiac 
catheteriation and the presence of inter- 
ventricular septal defect was definitely 
confirme 1. 

There were 2 instances in which the 
methyl icdide test failed, and a small left to 
right shunt was detected only by oximetry. 
Both cases were patients with high pres- 
sure interventricular septal defects with a 
right to Eft shurt, so-called Eisenmenger's 
complex. In т patient the methyl iodide 131 
curve was recorded only from the low right 
ventricle. which may explain the negative 
test. No satisfactory explanation can be 
given in the other case. There were 2 pa- 
tients with Eisenmenger's complex with no 


left to right shunts as determined by the 
oximeter or by the methyl iodide 131 test. 
The correct diagnosis was established by se- 
lective right and left ventriculography.' 
Both cases had decreased pulmonary flow 
demonstrated on roentgenograms and were 
throught to have valvular pulmonic steno- 
sis from a study of the roentgenographic 
findings. 


COMMENTS 


Basically, two principles are being used 
to detect small left to right shunts: (1) the 
arteriovenous difference of an inhaled gas 
(oxygen, nitrous oxide, krypton 85); and 
(2) the dye dilution principle with injection 
of the indicator into the left heart and sam- 
pling from the right heart. 

In the most widely used oxygen test, the 
arteriovenous difference is continuously 
achieved through oxygen consumption by 
the tissue. Since the oxygen metabolism 
varies from organ to organ and from in- 
dividual te individual, the venous blood 
oxvgen levels are not uniform. The use of 
an inert gas other than oxygen (nitrous 
oxide or krvpton 85) has the advantage of 
achieving the arteriovenous difference by 
simple physical solution of gas in body 


tissue. The gas content in the caval blood 
is, therefore, more uniform. The arterio- 
venous difference is not constant but gradu- 
allv decreases as the tissue becomes more 
saturated bv the continuous inhalation of 
gas. lhererore, comparative blood samples 
must be drawn simultaneously from a sys- 
temic artery and the right heart. A certain 
time must elapse until the body tissue is 
sufficiently desaturated before a test can be 
repeated. 

The dye dilution principle should yield 
fewer inconclusive results, since in the pres- 
ence of a left to right shunt the indicator 
arrives in the right heart before the venous 
return. The methyl iodide 131 test is based 
on the dye dilution principle while using an 
indicator with a large arteriovenous differ- 
ence. This combination results in: (1) in- 
creased sensitivity with high shunt and 
low venous return curves. Early venous re- 
turn from the coronary sinus is, therefore, 
not a differential diagnostic problem; and 
(2) a stable body background after forty 
seconds allowing immediate repetition of 
the test. 


SUMMARY 


I. A simple isotope dilution technique is 
described for detecting left to right circu- 
latory shunts. This technique is especially 
helpful in cases of small shunts. 

2. A tracer dose of radioactive methyl 
iodide 131 gas is given during one single in- 
halation, and blood samples are drawn 
through a cardiac catheter from the right 
heart. 

3. The obtained blood samples are 
counted in a well scintillation counter, and 
the results are plotted as a curve which 
assumes a characteristic form in the pres- 
ence of a left to right shunt. 

4. А shunt can be diagnosed almost im- 
mediatelv by counting some of the samples 
for a few seconds. 

5. Quantification of a shunt в possible 
without sampling from a peripheral arterv. 

6. The test 1s believed to be safe for pa- 
tient and operating personnel. 

7. One hundred and five patients have 
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been examined by this method at the Uni- 
versity of Minnesota Heart Hospital. In 13 
cases a circulatory left to right shunt was 
detected by this method in spite of normal 
oxygen values. 


Kurt Amplatz, M.D. 
Department of Radiology 
University of Minnesota 
Medical School 
Minneapolis 14, Minnesota 
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THE METHYL IODIDE TESI IN 
LEFT TO RIGHT SHUNTS* 


TECHNICAL CONSIDERATIONS 


By KURT AMPLATZ, M.D., JAMES Е. MARVIN Pu.D.,,f MERLE К. LOKEN, Рн.р., 
and WILLIAM D. MILLER, B.S. 


MINNEAPOLIS, MINNESOTA 


HE method of detecting small lett to 

right shunts by inhalation of a tracer 
dose of radioactive methyl iodide has 
proved to be simple and reliable in a large 
group of patients. The clinical aspects of 
this test have been described previously.’ 
It is the purpose of this paper to outline 
some of the teehnical details which have 
made it possible to administer this gas 
safely to several hundred patients. 


PREPARATION OF RADIOACTIVE METHYL 
IODIDE 


Radioactive methyl iodide was used for 
inhalation radiocardiography by Thode and 
co-workers.2 These authors described the 
physical properties of methyl iodide, de- 
vised a method of preparing the radioactive 
gas, and provec its extremely low toxicity. 
We have developed a simpler way of pre- 
paring this gas without the necessity of 
ether extraction. 

Ten mc of radioactive sodium todide and 
2С cc. of distilled water are introduced into 
an empty 100 c-. glass bottle. One to three 
drops of stable methyl iodide are added, 
and the bottle 1s closed with a rubber stop- 
per. The contamer is put aside and stored 
behind lead bricks in a hood. 

After 12 to 24 hours the mixture 15 in 
equilibrium and radioactive methyl iodide 
gas can be drawn off by means of a syringe. 
With a needle, 1 cc. of air is injected 
through the rubber stopper into the glass 
bottle and then aspirated. This small 
amount of air-radioactive gas mixture has 
approximately 15 to 20 uc of activity. Ob- 
viouslv, the activity in the gaseous state 


decreases according to the normal decav 
rate of iodine 131. Therefore, on successive 
davs slightly more gas has to be aspirated 
in order to retain the same degree of radio- 
activity. After 3 to 4 weeks the original 
activitv can be restored bv adding 7 to 10 
mc of sodium iodide to the same bottle. 


PROPERTIES OF METHYL IODIDE 


Methyl iodide is a yellow liquid with a 
boiling pomt of 42.5 C. It is slightly soluble 
in water (1.4 gm. per liter at 25 degrees)! 
and highly soluble in fats, rubber, plastics, 
lubricants, etc. This high lipoid solubility 
is desirable for absorption in the lung but 
increases the difficulty of handling and 
administering this gas to the patient. 

During early experiments the gas was 
sealed off in glass tubes and, in order to 
free it, both ends of the glass tubing had 
to be broken. Since this proved to be tech- 
nically difficult and unreliable, stainless 
steel containers sealed with double valves 
were developed (Fig. 1). The two stopcocks 
at the ends of the steel tubing can be closed 
and opened simultaneously by turning а 
handle (A). Because conventional stopcock 
lubricants were found to trap the methyl 
iodide quantitatively, it was necessary to 
use silicone 200 fluid* with a viscosity of 
one million centistokes. This substance did 
not trap a significant quantity of radio- 
active methyl iodide and at the same time 
proved to be an excellent valve lubricant. 
Prior to the introduction of the gas into 
the tubing all traces of fat must be re- 
moved with a solvent such as carbon tetra- 


* Dow Corning. 


* This work was supported by a grant of the Minnesota Heart Association. 
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тс. 1. Apparatus for drawing off radioactive methyl 


iodide and sealing it in a container of stainless 


steel tubing. Handle A closes and opens simul- 
taneously the two stop cocks at the ends of the 


steel tubing. 


radioactive gas can then be 
attaching 


chloride. The 
drawn up into the container Ьу 
a syringe as shown in Figure т. 
TO PATIENTS 


ADMINISTRATION OF GAS 


In adults it is satisfactory to administer 
the gas manually through a rubber tubing. 
A ureteral catheter is introduced through 
the nostril into the posterior nasopharynx 
or it 15 simply placed on the patient's 
tongue. The catheter is attached to one end 
of the stainless steel tubing and an air in- 


flated rubber balloon to the other end. The 
patient is instructed to exhale. At the 
beginning of inhalation the valves are 


opened, and the radioactive gas is flushed 
with air from the balloon into the patient’s 
air passage. 

This simple procedure proved satisfac- 


tory for adult patients, but failure in chil- 
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dren prompted the development of an auto- 
matic injecting device (Fig. 2). In this lat- 
ter procedure a dee mask is held over 
the patient's mouth (A). A flutter valve in 
the mask indicates the phase of respiration 
by means of an electric pilot light (B). 
During expiration an electric contact is 
closed manually and at the beginning of 
inspiration the valves of the stainless steel 
tubing (C) are opened automatically. The 
radioactive gas is flushed by air from a zo 
cc. syringe (D) through the attached tubing 
into the rubber mask. This device proved 
extremely valuable in the pediatric age 
group, allowing administration of radio- 
active gas to infants. Following one single 
inhalation the mask is removed from the 
patient's mouth in order to prevent anv 
rebreathing of methyl iodide. 


PROTECTION OF PERSONNEL 


No inhalation procedure is entirely fool- 
proof nor does the patient alwavs absorb 
the total amount of radioactivity; there- 
tore, measures must be taken to prevent air 
contamination. The patient’s head is placed 
in a constantly evacuated plastic hood for 
I to 2 minutes following the inhalation 
(Fig. 3). The exchanged air is drawn with 
a suction pump through a small charcoal 
hlter* (A) which quantitatively traps 


* Activated 
Wilmington, 


carbon, grade 12X20, Atlas Powder Company, 


Delaware. 





radioactive 
rubber mask with 
pilot light to indicate phase of 


administering 


Equipment for 
meth vl iodide to children. A 
Hutter valve, B 
respiration, C 

containing the gas, D 


Fic. 2. 


valves of the stainless steel tubing 
syringe containing air. 





1с. 3. Plastic hood into which the patient breathes 
following the inhalation. of radioactive methyl 


iodide. A—charcoal filter which traps exhaled 
methyl iodide. 


methyl iodide. By counting the radioactiv- 
itv in this filter and the residue in the steel 
tubing, it is possible to determine exactly 
the amount of radioactivity absorbed by 
the patient. 


SAMPLING DEVICE 

The small tracer doses used (5-8 pe per 
inhalation) make it impossible to record 
the radioactivity continuously by drawing 
the blood through a scintillation counter. 
A simple sampling device was developed in 
order to obtain interrupted blood samples, 
which can be counted in a well туре scintil- 
lation counter. The sampler consists of a 
turntable holding 30 test tubes which are 
enclosed in a plastic housing (Fig. 4). A 
synchronous motor rotates the turntable 
at a constant speed allowing sampling at 
two second intervals. The catheter 15 at- 
tached to the stopcock (A) and the blood 
stream from the catheter 15 diverted into 
separate test tubes through small plastic 
tunnels. In order to obtain adequate blood 
samples from cardiac chambers with low 
pressure, 2.е., the right atrium and venae 
cavae, a controllable negative pressure 1s 
created in the sampler bv à suction pump. 
No significant. radioactivitv is lost from 
the blood samples, despite this. vacuum, 
because of ionization of methyl iodide upon 
absorption by the patient. The blood sam- 
ples (usually то to 15) range from о.б to 1 
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cc. per sample and are counted in a scintil- 
lation counter for 1 to 2 minutes. For 1m- 
mediate results it is adequate to count the 
first few samples for 1 5 seconds. 


FATE OF METHYL IODIDE IN THE 
HUMAN BODY 


It has been known for a long time that 
methyl iodide and also ethyl юйде are 
ionized in the human body. Iodide ions are 
taken up and stored in the thyroid gland. 
This property of ionization is of extreme 
importance to the safety of the personnel. 
Following the absorption of methyl iodide, 
its excretion through the lung does not 
follow the phvsical laws of partial pressure 
as do the inert gases. This property of 
methyl iodide provides a margin of safety 
and permits the use of this gas in a catheter- 
ization laboratory which is not aggressively 





l'1G. 4. Apparatus for obtaining interrupted blood 


samples. А stopcock on a catheter for diverting 
the blood stream into different test tubes. 
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ventilated. It is adequate to keep the pa- 
tient for one minute under the plastic hood, 
since no significant excretion of radioactive 
gas 15 demonstrable via the lung after this 
time. It the thyroid gland has been blocked 
with stable iodine prior to the study, al- 
most all of the radioactivity can be re- 
covered in the urine. 

Excretion of methyl iodide in the exhaled 
air and in the urine are shown in Table 1. 
The patient represented here exhaled force- 
fully three times through an activated char- 
coal filter. As can be seen, there is only a 
small amount of the absorbed activity ex- 
haled after a few minutes. Allowing for 
normal dilution in room air this amount is 
considered negligible. On the other hand, 
75 to 94 per cent of the administered dose 
can be recovered in the urine after 36 hours. 
The biologic half life is approximately 6 
hours. 

The thyroid gland of the attending per- 
sonnel acts as an excellent filter, accumu- 
lating practically all of the radioactive 
iodide ions in the air. Thyroid counts at 
weekly intervals of personnel working in 
the area have shown no demonstrable 
radioactivity except on one occasion when 


TABLE I 


METHYL IODIDE EXCRETION* 








In Urinef 


In Exhaled Airt 








I mitt. 1.51% 6 hours 59% 
2 min. 0.28% 12 hours 75% 
5 min. 0.29% 24 hours 87% 
20 min. о 36 hours 94% 





* 14°) was not absorbed 
T 3 exhalations 
t Total excretion 
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a steel tube was opened accidentally. In 
this instance a small quantity of activity 
was demonstrable in the thyroid gland of 
each person who had been in the catheteri- 
zation room at that time. No attempt was 
made to flush this material from the thy- 
roid glands of these individuals because of 
the small amounts involved, and within 
tour weeks no significant activity remained. 

On several occasions the room air in the 
laboratory was drawn through an activated 
carbon filter for several hours. No radio- 
activity was found in this filter, indicating 
the efficacy of the described safety factors. 
Several hundred patients have now been 
studied in this same room with no problem 
of contamination. 


SUMMARY 


The radioactive methyl iodide test is 
considered to be a simple, dependable and 
highly sensitive means for detection of 
small left to right shunts. Technical details 
on the preparation and safe handling of 
this gas are given. 


Kurt Amplatz, M.D. 
Department of Radiology 
University of Minnesota 
Medical School 
Mineapolis 14, Minnesota 
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ANATOMIC DIAGNOSIS OF ATRIAL SEPTAL DEFECTS" 


By ERIK CARLSSON, M.D. 


ST. LOUIS, 


N ATRIAL septal defect is discovered 

at cardiac catheterization bv a lett to 
right shunt on the atrial level. The mere 
passage of the catheter through the septum 
is of only limited diagnostic value because 
an open but guarded foramen ovale will 
also permit the catheter to pass through 
the septum. А lef- to right shunt on the 
atrial level is no: a decisive sign of an atrial 
septal defect; abnormal pulmonary venous 
drainage will also manifest itself by a left to 
right shunt at the atrial level at cardiac 
catheterization. Ventricular septal defects 
with left to right shunts on the ventricular 
level combined with some tricuspid regurgi- 


tation will show increased oxvgenation of 


the blood in the right atrium, simulating an 
atrial septal defect. The problem is further 
complicated by the fact that a large num- 
ber of atrial septa! defects show the maxi- 
mal increase in oxvgenation of the blood 1n 
the right ventricle and not in the right 
atrium. The diaznosis of an atrial septal de- 
fect bv cardiac catheterization alone, there- 
fore, offers difficulties; these are multiplied 
if one attempts то establish the specific type 
of the defect. Artempts have been made to 
determine the anatomic type of an atrial 
septal defect from the position of the cath- 
eter passing through it. Considering the 
wide range of variation in position and size 
of atrial septal defects and the necessity to 
recognize small anatomic structures, car- 
diac catheterization alone must be con- 
sidered a rather gross method. 
Electrocardicgraphic examination of the 
patient has been of considerable value in 
the differentiation between atrial septal 
defects of the primum type and atrial septal 
defects of the secundum type. It has been 
shown repeatedly, however, that the left 
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axis deviation with incomplete right bundle 
branch block which is characteristic. of 
primum defects is not constantly present. 
These changes may also be found in cases 
of atrial septal defects of the secundum 
type.’ 

An angiocardiographic method has been 
described by Kjellberg eż al.’ in 1955. It con- 
sists of introducing a side hole catheter with 
a closed emd from the saphenous vein into 
the left atrium through the atrial septal 
defect. The contrast medium is injected 
under high pressure. A series of exposures 15 
made at six to twelve seconds. The patient 
is placed im the right posterior oblique posi- 
tion in relation to the horizontal film. With 
this method, a picture of the anatomy of the 
atrial septum is obtained, which permits 
localization of the atrial septal defect as 
well as determination of its type and size. 


MIETHOD OF EXAMINATION 


We have used the technique of Kjellberg 
et al. described above with some modifica- 
tions in the position of the patient, the 
contrast medium, and the screens. In the 
majority of our examinations the patient 
has been placed in the right anterior oblique 
position in relation to the horizontal film 
(Fig. 1). In this position the interatrial 
septum wall be approximately horizontal, 
with the left atrium above it. Because of 
this, the contrast medium that 15 injected 
into the left atrium can pass into the right 
atrium more quickly, thus enhancing the 
possibility of exposing films before the left 
ventricle becomes opacified, masking the 
lower part of the atrial septum. The hort- 
zontal beam is centered on the vertical film 
changer with the patient in the right poste- 
rior oblique position in relation to that 


* From the Edward Mallinckrodt Institute of Radiology, Washington University School of Medicine, St. Louis, Missouri. 


This investigation has been made with the assistance of a grant from the Committee on Rese: arch, Council on Drugs, 


cal Association. 
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“тс. т. Positioning of the patient for anziocardio- 
graphic study of atrial septal defects. Exposures in 
the right anterior oblique and the right posterior 


oblique projections are made. The mteratrial 
septum 15 approximately in the horizontal plane 
with the left atrium above the right atrum. 


changer (Fig. 1). Sodium diacetamidotri- 
1odobenzoate (hy paque) in a concentration 
of 50-75 
sodium acetamidotriiodobenzoate (urokon) 
in 70 per cent solution and has given satis- 
factory contrast density. Urokon 70 per 
cent was employed only in a few early 
cases. 

We have also utilized high sensitivity, 
thallium activated potassium iodide screens 
and high output tubes. These two factors 
permit exposure at lower kilovoltage than 
is possible with ordinary screens and tubes. 
The lower energy radiation allows better 
visualization of diluted contrast media.! 


COMPLICATIONS 


No reactions to the main injection of the 
contrast material have occurred, except in 
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2 patients in whom urokon 7o per cent was 
used. Severe headache for ‘approximately 
fifteen minutes and vomiting was observed 
in these patients. In 4 cases, 3-5 ml. of 50 
per cent hvpaque, given as a test dose, 
caused characteristic changes in the electro- 
cardiogram with bradycardia, S-T eleva- 
tion and absence of the T-waves (Fig. 2). 
Decreased systemic arterial pressure, cold 
sweat and dizziness were noted. The reac- 
tion started immediatelv after the e Injection 
of the test dose and it lasted for approxi- 
mately fifteen minutes. The main injection 
was not performed in these cases as the 
cause of the reaction was not clear. Al- 
though allergic reaction to the contrast 
medium was the possible mechanism, ac- 
cidental air injection or the mechanical 
etfect of the catheter could not be excluded. 


CLASSIFICATION OF ATRIAL 
DEFECTS 


SEPTAL 


Atrial septal defects are generallv classi- 
hed into the following groups: (1) common 
atrium, (2) foramen ovale defects, (3) sinus 
venosus defects, and primum 
detects; **4 


ostium 


hic. 2. Electrocardiogram of a thirty-three year old 
female with atrial septal defect before injection 
and recording the reaction during injection of a 
small test dose of hypaque 50 per cent (4 ml.) into 
the left atrium. Bradycardia, S-T elevation and 
absence of the P-waves are noted. The reaction 
started immediately after the injection of the con- 
trast medium and lasted for fifteen minutes, 
after which a normal electrocardiogram was ob- 
tained. 
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[n a case of a common atrium the septum 
is absent; small ridges may persist, how- 
ever, indicatinz embrvologic rests of the 
septum. 

The foramen ovale defects arise either 
because of a cevelopmental arrest of the 
septum secuncum or because of over.re- 
sorption of the septum primum. T wo types 
are observed; m one the defect is confined 
to the fossa ovalis area, and in the other 
the defect exteads toward the inferior vena 
cava so that there is no lower margin of the 
defect above the orifice of this vessel. 

Sinus venosus defects are situated above 
the fossa ovalis. The uppermost portion of 
the septum is absent in the region of the 
defect. The pulmonary vein from the right 
upper lobe is connected to the superior vena 
cava at its opening into the right atrium. 

Ostium primum defects are situated in 
the lower part of the septum and the lower 
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margin of the septum defect is formed by 
the upper edge of the ventricular septum. 
Transitional forms between this type of 
atrial septal defect and a common atrio- 
ventricular canal occur. The mitral and 
tricuspid valves are involved in varying 
degrees. 


ROENTGEN FINDINGS 


Informative films are obtained in the 
plane which is perpendicular to the inter- 
atrial septum (the right posterior oblique 
projection). From these films the cephalo- 
caudal dmmeter of the defect and the dis- 
tance of the defect from the upper part of 
the interventricular septum may be evalu- 
ated to some extent. From the films in the 
other plane (the right anterior oblique pro- 
jection), however, only a rough estimate ot 
the position of the catheter during the 1n- 
jection can be made if the catheter enters 





Ес. 3. (4 and В! A four year old boy with an open foramen ovale but no atrial septal defects. Two leaflets 
forming the interatrial septum are clearly seen. The arrow shows the septum primum and the catheter 15 
seen to pass between it and the septum secundum. A small amount of contrast medium enters the right 
atrium, probably because the catheter keeps the leaflets of the spetum apart. No increase in the oxygena- 
tion of the blood in the right atrium could be demonstrated at cardiac catheterization. LA tr 


RA—right atrum, LV—left ventricle, C 


catheter. 
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1с. 4. A twenty-six year old male with an atrial 
septal defect of moderate size of the foramen ovale 
type. The remainder of the atrial septum below the 
defect is marked by the arrow. The size and 
position of the defect can readily be evaluated. 
(The findings were verified at operaticn.) LA 
lert atrium, RA—right atrium. 


the left atrium through the defect. Some 
conzlusions concerning the position of the 
defect in the ventrodorsal direction mav be 
arrived at if the defect is of moderate or 


smell size. In other cases the possibility of 


determining the position of the detect in 
ventrodorsal direction is rather limited. 
Figure 3, Z and B shows the roentgen ap- 
pearance of an open guarded foramen ovale 
with the two leaflets forming the atrial sep- 
tum in the region of the fossa ovalis. The 
catheter has been passed between the 
septum primum and the septum secundum 
inte the left atrium. A small leak of con- 
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trast medium around the catheter is pres- 
ent, probably because the catheter sepa- 
races the two septa. No left to right shunt 
wes demonstrated by cardiac catheteriza- 
ticn. 

The size and position of a foramen ovale 
defect of moderate size can readily be evalu- 
ated it the stream of contrast medium from 
the left atrium to the right atrium through 
the defect is strong and well defined (Fig. 
4). If tor some reason the stream of con- 
trast medium is less defined, the size and 
the position of the defect cannot be judged. 
Tke atrial septum is sometimes demon- 
strated (Fig. 5) as a thin structure rising 
trem the upper edge of the ventricular 
septum. If this angiocardiographic finding 
is combined with the typical clinical find- 
ings, the diagnosis of a secundum defect is 
highly probable. 

[f the position of the defect is undeter- 





Fic. 5. An atrial septal defect of the foramen ovale 
type in a twelve year old female. The remainder 
0* the atrial septum below the defect is marked by 
an arrow. The size of the defect cannot be eval- 
uated. (The diagnosis was verified at operation.) 


RA—rght atrium, LA—left atrium, ТУ Јев 


ventricle. 
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mined in the ventrodorsal direction, 1t 1s 
impossible to establish reliably from the 
angiocardiograms in the right angle plane 
projection whether the defect is close to or 
far from the upper edge of the interven- 
tricular septum. The differentiation. be- 
tween a primum and a dorsally placed 
secundum defect mav, therefore, be im- 
possible (Fig. 6). In Figure 7, .7 and 5 a 
primum defect of moderate size 15 shown. 
[n this case che catheter did not pass 
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Fic. 6. An atrial septal defect in a forty year old 
male (operatively verified to be of the inferior 
vena cava type). The defect is large and is situated 
low in the interatrial septum. Filling of the veins 
of the liver and the inferior vena cava was seen in 
the right anterior oblique projection. Differentia- 
tion between th s type of atrial septal detect and a 
large primum defect is difficult. 








Fic. 7. (4 and B) An atrial septal defect of the primum type in an eight vear old female. The catheter passes 
from the right atrium to the left atrium via an open foramen ovale high in the septum. The detect low in 
the septum is marked with an arrow. (Verified at operation.) КА — right atrium, LA—left atrium, RV 
right ventricle, LV—left ventricle. | 
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through the defect but through an open 
foramen ovale to the left atrium. This case 
illustrates the difficulty in diagnosing the 
type of defect from the position of the 
catheter alone. 

In a case of common atrium, the con- 
trast medium is seen to pass freely from 
the left atrium to the right atrium without 
any signs of an interatrial septum (Fig. 
8, апа В). 

А sinus venosus defect is shown in Fig- 
ure 9, Z and B. The defect is located high in 
the atrial septum. No remnant of the sep- 
tum forming the cephalad margin of the 
defect can be seen. 

RESULTS 

A total of 75 interatrial septal defects 
diagnosed at Barnes Hospital between 
January, 1958 and Julv, тобо is discussed 
in this paper. In 53 cases the diagnosis was 
established at surgery under direct vision. 
Among these, 38 were foramen ovale tvpe 
defects, $ were inferior vena cava tvpe de- 
fects, and 10 were septum primum tv pe 
defects. 

Angiocardiography with injection into 
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the left atrium has been done in 54 cases 
and the tollowing diagnoses were made: 
moderate sized foramen ovale type defects, 
35 cases; septum primum defects, 4 cases; 
large, low defects which cannot be differ- 
entiated from a septum primum defect, 6 
cases; sinus venosus defect, 2 cases: open 
foramen ovale, 1 case; technical failure, 3 
cases. Of these 54 cases, 29 were operated. 
One of the cases diagnosed as a secundum 
detect had, in addition, a septum primum 
detect which was found at operation. (This 
case 15 counted as a septum primum defect 
in the classification of the total material.) 
Both defects were repaired within the time 
limit imposed by hypothermia. Five of the 
6 cases of large low atrial septal defects were 
found at operation to be inferior vena cava 
type detects. The exception was a турса] 
foramen ovale type detect. 

Twenty-four of the above mentioned 53 
cases were operated without the prior aid 
of anglocardiographv and, in some in- 
stances, even without cardiac catheteriza- 
tion. In this group unexpected septum 
primum defects were discovered at opera- 
tion under hypothermia in 3 instances. The 





Fic. 8. (4 and В) Common atrium in a six year old male. The contrast medium passes freely from the 
injection point in the left part of the atrium to the right side without any sign of an interatrial septum. 
The catheter is probably in contact with the cephalad atrial wall. (Not operated.) 
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liG. о. (Ф and В) Sinus venosus defect in a twenty-five year old male. The defect is seen in the upper part 
of the interatrial septum (arrow). No remnant of a septum cephalad to the defect is seen. (Not operated.) 


RA 


right atrium, LA—left atrium. 


operation could not be completed in 2 of 
the cases; the third patient succumbed, 
partlv because of the incomplete diagnosis. 
In another case, angiocardiography was 
done with injection into the right ventricle 
and a primum defect was diagnosed as a 
ventricular septal defect. In this case an un- 
necessary ventriculotomy was performed 
because of the wrong diagnosis. Two pri- 
mum detects were correctly diagnosed or 
suspected and the patients were operated 
upon using extracorporeal circulation. 
Eighteen typical secundum defects were 
correctly diagnosed in this group. 

The classification of the total material, 
diagnosed either at the time of operation or 
bv angiocardiography, is as follows: 
Secundum defects of the foramen ovale type 56 
secundum defects of the inferior vena cava 

type 
Sinus venosus defects 
Common atrium 
Primum defects | 


=“ — to ‘ry. 


In all but 1 of the primum defects a left 
axis deviation with an incomplete right 
bundle branch block was found on the 


electrocardiogram. In 2 cases the atrial 
septal defects of the secundum type were 
combined with abnormal pulmonary ven- 
ous drainage. One case of a secundum de- 
fect was combined with an interventricular 
septal detect. We did not include in this 
report the cases with a combination of 
atrial septal detect and pulmonary stenosis. 
In cases of that type we prefer to perform 
the injection into the right ventricle. An 
anatomic diagnosis of the atrial septal de- 
fects was not established in these in- 
stances. 


CONCLUSIONS 


Atrial septal defects are operated upon 
either under hypothermia or with the help 
of extracorporeal circulation. The surgical 
approach under hypothermia is safe, simple 
and economical and is preferred in cases of 
uncomplicated foramen ovale defects. Some 
surgeons eperate, however, upon all atrial 
septal defects using extracorporeal circula- 
tion because of the difficulty in obtaining a 
reliable preoperative diagnosis. They refuse 
to take the risk of finding an unsuspected, 
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complicated lesion and not having sufficient 
time for its repair. 

From an analysis of our case material it is 
obvious that the diagnostic procedure for 
the preoperative diagnosis of atrial septal 
defects needs further improvement. It is 
also clear, however, that the diagnostic 
reliability increases when angiocardiog- 
raphy is added to the other diagnostic pro- 
cedures. The analvsis shows also that a verv 
large proportion of the foramen ovale de- 
fects can be recognized before operation 
and that the risk of missing complicated 
lesions is small. 


SUMMARY 

A total of 75 cases of atrial septal defects 
Is discussed. In 53 cases an operation has 
been performed and the diagnosis was es- 
tablished under direct vision; 24 of these 
cases did not have prior angiocardiog- 
raphy, which was performed in 54 cases. 
Angiocardiography improves the preopera- 
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tive diagnostic accuracy and permits a safe 
selection of cases for operation under hypo- 
thermia. 


Thorax Kliniken 
Karolinska Sjukhuset 
Stockholm 60, Sweden 
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LOW VISCOSITY CONTRAST MEDIA FOR 
CARDIOVASCULAR VISUALIZATION* 


Вт CHARLES T. DOTTER, M.D., and KURT R. STRAUBE, M.D. 


PORTLAND, OREGON 


OT only cen Robb and Steinberg” be 

credited with the technique for visual- 
ization of the irtrathoracic circulation but 
it was also they who, by simply boiling 
down the then available (35 per cent) dilute 
diodrast, obtained a contrast agent of 
required higher opacity and, through use, 
determined the concentration (70 per cent) 
and dosage of that drug which, for vears, 
remained standard for intravenous angiog- 
гарһу. 

Contrast agents for todav's selective 
cardiovascular visualization techniques 
share the basic requirements of adequate 
opacity, low toxicity and ease of injection.’ 
Widespread use of techniques involving the 
injection of these agents through catheters 
has further increased the importance of the 
latter characteristic. 

[n a svstematic scrutinv of the flow rates 
of several angiocardiographic media, 
Coolev? has emphasized the variations in 
ease of injection among different prepara- 
tions at differert temperatures. Expressing 
the dose rate as grams of iodine (delivered) 
per second, he concluded that about 12 
gm. of iodine per second was a minimum 
acceptable delivery rate. He noted that it 
was necessary to warm miokon go per cent 
if the room temperature delivery rates of 
lower viscosity urokon sodium 70 per cent 
were to be equaled. 

For conventional intravenous angiocar- 
diography, the dose ranges, in general, be- 
tween 0.3 and о. сс. lb. body weight and 
must be delivered within a period of one 
and one half seconds. When made through 
large bore needles and svringes into dis- 
tensible veins, this dose rate can usually be 
accomplished manually. Such, however, 1s 


usually жю the case when catheters are 
emploved to deliver the injected bolus to a 
specific central location. Despite the fact 
that selective injections (because of re- 
duced dilution by blood) generally require 
à smaller dose to provide equivalent opacity 
at a given site, the frictional resistance 
offered by a small catheter usually makes 
necessarv the use of a high pressure me- 
chanical injection device. The Shipps Au- 
tomatic Injector!’ is a reasonably priced 
and very satisfactory instrument for this 
purpose. Thin-walled nylon catheters,” "° 
special radiopaque plastic catheters," and 
simple polyethylene tubing? all possess 
definite advantages over the standard 
Cournand intracardiac catheter in terms of 
the dose-deliverv rate. Of these, polvethy- 
lene seems preferable for several reasons. 
Our techniques for percutaneous venous 
and arterial catheterization do not permit 
(or require) the use of radiopaque nylon 
cardiac catheters.! We employ a method of 
guided percutaneous femoro-aortic left 
ventricular catheterization using nonradio- 
paque polyethylene tubing.” 

Regardless of the catheter or special in- 
jecting device employed, the viscosity of 
the agent represents an important deter- 
minant in the ease with which a given injec- 
tion may be accomplished. Other things 
being equal, low viscosity media are desir- 
able because thev are more readily injected, 
do not as frequently require the use of 
special pressure apparatus, rarely are asso- 
ciated with the necessity for repeat injec- 
tions due to tubing or injection apparatus 
failure, may be handled at room tempera- 
ture, and, when they permit manual injec- 
tion, are less apt to result in serious extra- 


* From the Department of Radiology, University of Oregon Medical School, Portland 1, Oregon, The Minthorn Laboratory for 


Cardiovascular Research through Radiology. 
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TABLE I 


PROPERTIES ОЕ FIVE HIGH IODINE CONTRAST AGENTS 








Ditriokon 








Manufacturer 


Chemical Nature 


Relative Viscosity (in 
CPS with HeO as 
unity) 

Iodine Content 


Supplied 


Mallinckrodt Chemical 
Works, St. Louis 7, 
Мо. 


31.4 per cent sodium di- 
protrizoate (miokon so- 
dium) and 36.7 per cent 
sodium diatrizoate (hy- 
paque sodium) in water 
solution; a mixture 


559 (C. 8.7 
37.5 C. 7.6 

до per cent w/v 
Commercially available 
in so cc. bottles; clear, 


moderately viscid solu- 
tion 


IN paque M 
7= Per Cent 





Winthzop Laboratories, 
New York 18, N. Y. 


25 per cent sodium dı- 
atrizoate and so per 
cent *-methyl gluca- 
mine c«iatrizoate (two 
salts ¿f hypaque) in 
water -olution; a mix- 
ture 


3s. Go “W6 
38.3 pe- cent w/v 
Commercially available 


in so « . bottles; clear, 
watery solution 





Hypaqae M 
до Per Cent 
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Cardiografin 


Urokon Sodium 
70 Per Cent 





Winthrop Lz boratories, 
New York 13, N. Y. 


30 per cent sodium di- 
atrizoate ard 60 per 
cent N-metayl gluca- 
mine diatrizoate (two 
salts of hypaque) in 
water solution; a mix- 
ture 


E 


2% 40.5 


- -0 (С 


37-53 30.3 


46 per cent w/v 


Commercially available 
in зо сс. bottles; slight- 
ly viscid solution about 
half full of white precip- 





E. R. Squibb and Sons, 
New York 22, N. Y. 


85 per cent watery solu- 
tion of N-methyl! gluca- 
mine salt of diatrizoic 
acid (hypaque); mono- 
molecular 


as" C. NS 
75°C. ax 
40 per cent wv 
Commercially available 
in 50 cc. bottles; clear, 


moderately viscid solu- 
tion 


Mallinckrodt Chemical 
Works, St. Louis 7, Mo. 


70 per cent water solu- 
tion of the sodium salt 
of acetrizoic acid (uro- 


ko n 


sodium); mono- 
molecular 
9674 2.2 
ЕБР б.т 


40 per cent w/v 


Commercially available 
in 25 cc. ampules; clear, 
watery solution 


LD 5o mz. kg. in mice 
(manufacturer's figures) 


10,700 12,0 





vasation. Thus thev contribute tc the ease, 
speed and safety of cardiovascula- contrast 
visualization. 

Ditriokon and hvpaque M 75 per cent 
appear to offer improvement over several 
currently employed media with respect to 
the balance between viscosity «nd iodine 
content.* 


COMPARISON OF PROPERTIES О? FIVE 
CONTRAST AGENTS 

Pertinent chemical, phvsical and. pharma- 
cologic properties of ditriokon and hypaque 
M 75 per cent are compared with those of 
cardiografin, urokon sodium 70 per cent 
and hvpaque M оо per cent in Table 1. 

Viscosity Studies. Using the Swank-Roth 
method, the viscosities, at 37.5°C., of 
fluid contrast media of various chemical 
compositions and concentrations were 
determined and are shown in Fable 1. 
The concentrated preparations commonlv 
employed for contrast cardiovascular 
visualization were subjected to further 
studies in order to relate viscosity, tempera- 
ture, concentration, and iodine content. 
Data obtained are presented in Fæure т. It 


* Renovist (Squibb), a similar low viscosity azent, was not 
available at the timeof this study. We have used jt subsequently 
and found it a satisfactory preparation for the purpc ses under con- 
sideration. 


itate at room temnera- 
ture; clears on warming 
12,600 + 877 


10,500 8,000 to ІІ,202 








Is apparent that very significant differences 
in viscosity exist. 


DITRIOKON 


Since ditriokon is a combination of two 
drugs which have been widely employed as 
intravenous contrast media in man, exten- 
sive preclinical testing was not considered 
necessary. (Manufacturers’ LD соѕ are 
compzred in Table т.) The myocardial ef- 
fects of several contrast substances were 
studied by means of occlusion aortography, 
a procedure which affords precise means for 
the injection of predetermined quantities 
of drugs into the coronary arteries of intact 
subjects. So tested, ditriokon produced 
electrocardiographic alterations in excess of 
those seen with corresponding doses of cur- 
rent commercially available media for car- 
diovascular visualization. The dog’s elec- 
trocardiogram is not necessarily indicative 
of man’s pharmacologic response to the 
clinical administration of these or any drugs. 


CLINICAL APPLICATION 


At the University of Oregon Medical 
School Hospital, ditriokon has been inject- 
ed 277 times in the course of 133 examina- 
tions performed on 126 patients (March 10, 
19:9 through June 1, 1960) referred for 
various cardiovascular visualization pro- 
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TABLE II 


VISCOSITY OF SEVERAL CONTRAST AGENTS 
SUITABLE FOR INTRAVASCULAR USE* 





Per Cent 


Contrast Agent Viscosity lodine 
W/V 
Miokon 30 per cent 1.8 r7 
Diodrast 35 per cent 1.9 18 
Renografin 30 per cent 1.95 15 
Hypaque Sodium 50 per cent 2 30 
Urokon Sodium 70 per cent 5.8 46 
Ditriokon pM 40 
Renografin $9.7 per cent 10.9 29 

Hypaque M 75 per cent 11.0 38.5 
Renografin 76 per cent 11,7 37 

Thorotrast 24-26 per cent 15.0 none 
Cardiografin 23.3 40 
Hypaque M go per cent 25.8 46 
Miokon M go per cent 924 46 








* As determined by the Swank-Roth technique! at 37.5° С. 
with water as unity. Contrast agents arranged in order of in- 
creasing viscosity. lodin- contents from manufacturer's descrip- 
tion. 


cedures not including cerebral angiography. 
In over half of these cases the indication 
for examinatior was congenital cardio- 
vascular disease; the remaining were 
studied for various reasons, including ac- 
quired cardiopulmonary disease and condi- 
tions affecting the aorta, its major branches 
and the peripheral blood vessels. The pa- 
tients’ ages ranged from ten days to 
seventy-nine years. In 25 children (19.6 per 
cent of the 126 patients) a general anes- 
thetic was given. 


DOSE AND ROUTE OF ADMINISTRATION: 
GRAPHIC CONTRAST 


ROENTGENO- 


The dose of ditriokon was related to the 
method of study and, generally speaking, 
was comparable to that used for other con- 
centrated contrast media. The volume of 
Injections rangec from 4 cc. to £o cc. Young 
children were usually given one or more in- 
jections consisting of т cc. of ditriokon for 
every two pounds of body weight. The 
usual examination required two or three 
injections (71 and 54 times, respectively). 
One adult patient was given four 30 cc. 
injections and arother four 50 cc. injections 
of ditriokon, eaca within one half hour and 
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without evident ill effect. A breakdown by 
site of injection follows: 


Intravenous 68 
Right atrium 6 
Right ventricle 19 
Left atrium 2 
Left ventricle b4 
Proximal aorta 46 
Aortic ach and branches p 
Abdominal arch and branches $5 
Other (spleen) 2 


The roentgenographic contrast was ade- 
quate and often excellent (Fig. 2-6). 


COMPLICATIONS 


During the course of this study there oc- 
curred 1 death, that of a two vear old child 
weighing twenty pounds and afflicted with 
Fallot's tetralogv. The studv, done under 
general anesthesia, involved three intra- 
venous injections of ditriokon (10 cc., 10 
cc., and 8 cc.). Neither the conduct nor 
course of the examination appeared un- 
usual and at its conclusion the child was 
taken to the recovery room. Forty to fifty 


minutes later, asvstole was noted and re- 


50 25° 
40 RELATIVE VISCOSITY 
30 " 





AS COMPARED TO pit 37 


WATER AS UNITY 
20 


10 15 20 25 30 35 40 46 
Percent Iodine in Dilutions of Stock Agents 


lic. 1. Graph of viscosity-10dine content curves for 
urokon sodium, ditriokon, cardiografim and Ay- 
paque M. Viscosity (in CPS relative to water as 
unity) is shown at room temperature (25°C.) and 
at body temperature. Plotted in terms of injection 
pressure or rate, rather than viscosity, and con- 
centration or opacity, rather than iodine content, 
the information presented in these crucial curves 
would be the same. The basic relationship be- 
tween viscosity and opacity is a linear, apparently 
exponential, function. 
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Tetralogy of Fallot. Selective right ventri- 
culogram of a six year old boy (UOMS +22-58-31). 
Ditriokon (25 cc.) was manually injected. Over- 
riding aorta, normal pulmonary valves and hyper- 
trophic right ventricular outflow tract narrowing 
are demonstrated. The findings were subsequently 
confirmed at corrective open heart surgery. 


ic. 2. 


suscitation was attempted at an undeter- 
mined period after its onset. This failed. 
Autopsy confirmed the anatomic diagnosis 
but shed no light on the mechanism of 
death.* 

Cardiac arrest also developed in a six 
vear old boy who weighed fortv pounds and 
who was believed to have corrected trans- 
position of the great blood vessels. Follow- 
ing percutaneous femoral catheterization, 
done with the patient under general anes- 
thesia, an initial injection of 12 cc. of 
ditriokon was made into the lett atrium. 
Approximately ten minutes thereafter, a 
second injection of 17 cc. of ditriokon was 
made into the left ventricle. About fifteen 
minutes later, tachycardia and declining 
left ventricular pressure appeared and with- 
in two to three minues led to cardiac arrest. 


* [n the experience of one of the writers, which includes 4, soc 
major cardiovascular contrast visualizations, death has occurred 
five times, nonfatal cardiac arrest twice. That these seven catas- 
trophes were not all due to the (several) contrast agents in- 
volved is strongly suggested by the fact that all but one occurred 
in patients subjected to general anesthesia. It does not of necessity 
follow that general anesthesia constitutes the major hazard of 
angiography. 
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Continuously recorded blood pressures 
through the catheter allowed the accurate 
timing of the events which followed. Fifty- 
three seconds after the onset of asystole, 
thoracotomy was begun and five seconds 
later the first pressure pulse due to manual 
massage was recorded. Three minutes and 
twenty-eight seconds thereafter, the wel- 
come appearance of a surgeon in the door- 
wav was overshadowed bv the simulta- 
neous, presumablv otherwise unrelated, re- 
turn of a normal heartbeat. Recoverv was 
prompt, complete and free of complications 
despite a bare-handed thoracotomy. 
Parenthetically, once asystole or ven- 
tricular fibrillation appears, artificial res- 
piration is as important as cardiac resusci- 


lic. 3. Subaortic stenosis. Left ventriculogram of a 
nine year old girl (UOMS 4222-04-31). Ditriokon 


(30 cc) was injected following percutaneous 
femoral arterial catheterization done under local 
anesthesia. The arrow points to localized indenta- 
tion of the left ventricular outflow tract below 
the normal aortic valves. The pressure studies and 
subsequent corrective open heart surgery were 
confirmatory. The coronary vessels are normal. We 
have used ditriokon to demonstrate severe coro- 
nary disease in man.! 
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hic. 4. Mitral iusuficiency and marked dilatation of 
left atrium. Left ventriculography percutaneously 
performed in a tirty-two year old female with 
rheumatic heart (UOMS #25-28-01). 
Ditriokon (45 cc.) was injected (Shipps injector) 
during one secone into the left ventricle. The film 
shows marked regurgitation of contrast agent into 
massively dilated left atrium. 


disease 


tation. By virtue of the attendant delay in 
establishing coronary blood flow, the initial 
use of external defibrillators has probably 
already caused ceath. Closed chest cardiac 
resuscitation!” has in our hands proved su- 
perior to«lirect cardiac massage in the man- 
agement of such emergencies.” 27 normal 
heart beat will not be obtained їп the presence 
of continuing myocardial anoxia, whether due 
to asystole, ventricular fibrillation or 1nade- 
quate res piratory exchange. Mouth-to-mouth 
artificial respiration should be emploved 
when needed. 

There were no other serious complica- 
tions. Wathin a matter of hours after per- 
cutaneous left ventriculography, 3 patients 
developed generalized petechial rashes, un- 
accompanied by fever or other untoward 
consequences and regressing spontaneously 
during the ensuing twenty-four to forty- 
eight hours. Elaborate studies of blood 
coagulation mechanisms in 1 of these cases 
failed to reveal any abnormality. While it is 
impossible to exonerate the contrast sub- 
stance, other possible causes include toxic- 
itv due to incompletely rinsed off sterilizing 
solutions and embolization due either to 
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imperfect heparinization or to the inad- 
vertent injection of minute droplets of air 
during the left-sided injections, which were 
performed on all 3 patients. 

During the course of this study, the elec- 
trocardiogram was often observed during 
the clinical administration of ditriokon. 
The most commonly encountered altera- 
tions included T-wave flattening, coving 
and inversion, S-T segmental depressions 
of varying degree and moderate sinus 
tachycardia. All were of brief duration and 
seemed directly related to the intensity of 
myocardial exposure to the drug. Such 
changes have repeatedly been shown to oc- 
cur following the administration of com- 
mercially available angiocardiographic me- 
dia.^ ^!" They bear absolutely no relation 
to the nonoxvgen bearing nature of the 
injected fluids but, rather, are expressions 
of myocardial response to pharmacologi- 
cally active drugs. 

This report includes the observation that 
in dogs the myocardial response to ditri- 
okon is more severe than that observed 
with urokon or hvpaque. That this 15 not a 
contraindication to the general use of ditri- 





lic. 5. 


Carcinoma of uterine cervix. Percutaneous 
pelvic arteriogram in a thirty-four year old woman 
(UOMS #27-35-59). Ditriokon (25 cc.) was man- 
ually injected at aortic bifurcation during blood 
pressure cuff occlusion of both femoral arteries. 
The uterine arteries are clearly shown. Location of 
à tumor mass at left fornix is suggested bv the 
vascular pattern. Start-to-finish time of entire 
procedure was less than eight minutes. 


[076 


okon is supported Ьу data supplied by the 
manufacturer to the effect that a dozen 
other workers have injected ditrickon 662 
times in 463 examinations. Мапу of these 
injections were made into the left heart or 
proximal aorta. The general impression of 
those using it appeared to be that c itriokon 
offered no greater risk in frequency and 
severity of side effects than commenly used 
agents. 

While questioning the advisabilitv of 
direct intracoronary or cerebral adminis- 
tration of ditriokon, we regard it as a satis- 
factory and, with respect to viscositv, a 
superior general purpose medium for other 
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forms of contrast cardiovascular visualiza- 
tion. 


SIDE EFFECTS: SUBJECTIVE REACTIONS 

A detailed discussion of the difficulties in 
evaluating the subjective effects of new 
cardiovascular contrast media is included 
in the initial report on the use of urokon 
for angiocardiographv.? It is reasonable to 
suspect that the manufacturer’s gift of in- 
vestigational samples of a new and presum. 
ably improved drug subjects the investi- 
gator to an unconsciously favorable bias. 
Everyone likes to be first to bring good 
news! Although double-blind methods of 
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Fic. 6. Left renal cyst. Percutaneous renal arteriograms in a forty-five year old man with hypertension 
(UOMS #27-58-44). Ditriokon (35 cc.) was injected at the level of the renal arteries. (4) Normal right renal 
arteries are shown at one and one half seconds after a one second injection. (B) Left nephrogram five 
seconds after injection clearly reveals a 1 cm. subcortical cyst. This procedure is easier, faster and more 


informative than nephrotomography. 
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evaluation will significantly reduce this 
possibilitv of bras, important clinical and 
economic considerations Oppose their use in 
the initial trials of new substances tor con- 
trast visualization. Bearing this in mind, 
we are, nevertheless, of the opinion that, in 
terms of minor side etfects and subjective 
reactions, ditriokon approaches hypaque 
and cardiografin in desirability and 1s prob- 
ably superior to roentgenographically ideal 
urokon. 

Our records were not kept with sufficient 
consistency to warrant the optimistic “‘sta- 
tistical” conclusion seemingly indicated by 
a very low incidence of recorded side effects. 
Of the 126 patients receiving ditriokon, 27 
(all children) were anesthetized. Our anes- 
thesiologists noted no unusual manifesta- 
tions attributable to the drug. Specific 
questions concerning the subjective reac- 
tions were directed at some but not all of 
the patients who were examined under 
local anesthesia. It was evident that a 
sensation usually described as heat or flush- 
ing was a constant feature. А transient 
wave of nausea was experienced fairly fre- 
quently, though vomiting occurred in only 
3 patients. 

In evaluating the significance of the fore- 
going, it should be borne in mind that many 
of the examinations involved the direct and 
rapid injection of massive doses of the con- 
trast agent into the left ventricle or proxi- 
mal aorta, thus minimizing their dilution 
and producing maximum systemic, cere- 
bral and coronary (if not pulmonary) re- 
sponses. Prelimmary clinical data appear to 
indicate that the subjective response to 
ditriokon will prove to be roughly compara- 
ble to that of other preparations already in 
widespread use. 


HYPAQUE M 75 PER CENT 

Twelve injections (from 10 to о cc.) of 
hypaque M 75 per cent were made in the 
course of angiographic studies on 7 patients. 
This limited experience permits only a 
brief comment. 

Despite the fact that hypaque]is higher 
in viscosity and lower in iodine content 
than ditriokon, the differences are likely to 


Low Viscosity Contrast Media 


1077 


prove insignificant in terms of injectability 
and resulting radiopacity, while subjective 
side effects seem somewhat milder with 
hypaque M 7 per cent. The difference, if it 
exists, Is not pronounced. The LD so will 
provide the only means for comparing 
toxicity until further clinical experience has 
been gained with both agents. 


DISCUSSION AND EXTRAPOLATION 


The synergistic enhancement of desirable 
common properties combined with the re- 
duction or cancellation of undesirable prop- 
erties represents a useful pharmacologic 
approach which has numerous counterparts 
in man’s formal experience and way of life. 
Current techniques for cardiovascular vis- 
ualization require contrast agents of high 
radiopacity, low viscosity and minimum 
toxicity. Ditriokon and hypaque M 75 per 





Fic. 7 


Percutaneous retrograde aortogram demon- 
strates hypertensive elongation and tortuosity of 
innominate, subclavian and carotid arteries with 
anomalous origin of left common carotid from 
innominate artery in a sixty-seven year old female 
(UOMS #28-19-93). Two injections cf hypaque М 
75 per ceat (35 cc. each). Clinically, а pulsating 
mass has been present in the base or the neck on 
the right side. 
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cent are the water solutions of materials 
having different molecular structures. 
While their radiopacity reflects the total 
amount of iodine in solution, their viscosity 
is lower than could be obtained through 
comparably opaque solutions of their con- 


stituent molecules, e.g., the solubility of 


hypaque and miokon sodium is so low that 
concentrations equivalent to ditriokon in 
iodine content tend to crystallize at room 
temperature. This explains why the con- 
centrated preparations of hypaque and 
miokon have only been available as mixed 
solutions of two different salts of the respec- 
tive parent molecules. 

Fluid viscosity (unlike that of gases) is 
inversely related to temperature and is 
determined by the physical interrelation- 
ships of component molecules. Thus, the 
mixture of two fluids, even in the absence 
of a chemical combination, can result in a 
solution of significantly lowered viscosity. 
In ditriokon the use of different molecules 
and in hypaque M 75 per cent the use of 
different salts of the same basic molecule 
have led to a significant reduction in vis- 
cosity (concentration and total dose of each 
agent) without a corresponding sacrifice of 
opacity. 

Laboratory studies of dose-delivery 
curves under the conditions of use serve to 
confirm the wisdom of fixing the iodine con- 
tent of ditriokon and hypaque M 75 per 
cent at levels somewhat lower than hereto- 
fore thought optimal. It is apparent that 
the manufacturers elected to avoid the 
steeper part of the viscosity-opacity curve, 
which occurs at higher concentrations. In 
both instances deliberate efforts were made 
to provide contrast agents featuring an 
optimal relationship between viscosity and 
opacity, the optimum being determined by 
the necessity for the rapid injections de- 
manded by current techniques. On the 
basis of preliminary clinical observations, 
we believe the efforts to have been success- 
ful. 

It is tempting to speculate upon the 
possibilities of mixing radiopaque agents 
for cardiovascular visualization. The rela- 
tively low incidence of side effects observed 
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during this study leads to the fascinating 
thought that there might be a combination 
of several radiopaque compounds (prob- 
ably, though not necessarily, iodine-con- 
taining) which would provide very high 
opacitv, low viscosity and hitherto unob- 
tainably low toxicity. It is evident that the 
side effects, subjective reactions and, per- 
haps, even the serious complications at- 
tendant upon the use of today's contrast 
media are, to some extent, dose-dependent. 
It is also entirely. possible that, though 
similar in character, these undesirable prop- 
erties are in fact pharmacologically distinc- 
tive and nonadditive. If so, it follows that 
pharmacologically subthreshold doses of these 
drugs could, in combination, provide adequate 
radiopacity without causing appreciable side 
effects or even a recognizable subjective re- 
sponse to angiocardiographic injections! Ac- 

cumulating experience indicates that anv of 
the various contrast media now in use are 
apt to be associated with occasional fatali- 
ties during contrast visualization. The re- 
sponsible mechanisms are not clear but 
apparently are not due to allergic or im- 
munologic sensitivity in the usual sense of 
the terms. While it 1s, of course, possible 
that such a multicomponent agent might 
reduce minor toxic effects and at the same 
time increase the hazard of use by a factor 
equal to the number of drugs used, it is also 
possible that both serious and minor toxic 
effects could be reduced to the point of 
negligibility. 


CONCLUSIONS 


г. Desirable cardiovascular contrast 
agents reflect a functional compromise be- 
tween viscosity and opacity. 

2. Ditriokon has been used for the ex- 
amination of 126 patients with heart dis- 
ease, and its qualities have been clinically 
evaluated. 

(a) Ditriokon, a new contrast agent for 
cardiovascular visualization, is a water 
solution containing 36.7 per cent w/v di- 
atrizoate sodium (hypaque) and 31.4 per 
cent w/v diprotrizoate (miokon) in a mix- 
ture providing 40 per cent organically 
bound iodine (0.4 gm./ml.). 
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(b) Our laberatory studies reveal that 
ditriokon has a significantly lower viscosity 
and 1s, therefore, correspondingly easier to 
inject than other commercially available 
concentrated contrast media except urokon 
sodium 70 per cent. 

(c) Initial clinical application, using 
various routes of injection, suggests that it 
approaches the effectiveness of hypaque M 
9o per cent and cardiografin and is superior 
to urokon sodium 70 per cent in terms of 
reducing subjective reactions and minor 
side effects produced by rapid, massive in- 
jections into the cardiovascular system. 

3. Hypaque M 75 per cent is a less con- 
centrated preparation of hypaque M обо 
per cent, a double salt mixture now on the 
market in go per cent strength. Although 
of slightly lowe- iodine content and higher 
viscosity than ditriokon, hypaque M 75 per 
cent 15 of relatively low toxicity and satis- 
fes the requirements for a low viscosity 
contrast medium. 

4. lhe preseat study suggests the pos- 
sibility that a decided further improvement 
in cardiovascular contrast agents may be 
sought in multicomponent media wherein 
radiopacity 15 mcreased while undesirable 
pharmacologic properties are reduced to 
negligible proportions through antisyner- 
gistic or simple divisive effects. While in 
medicine "shotgun" techniques often earn 
just criticism, -heir occasional superiority 
is certainly nor limited to duck hunting. 


Charles T. Dotter, M.D. 
University of Oregon Medical School 
Portland, Oregon 
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DITRIOKON:* A NEW ANGIOCARDIOGRAPHIC 
MEDIUM 


By S. 5. SANDERSON, M.D., and К. Е. 


GROSS, M.D.f 


TACOMA, WASHINGTON 


NEW contrast medium, ditriokon, has 

recently been introduced for use in 
angiocardiography. It 15 a high-contrast, 
low-viscosity solution of 68.1 per cent solids, 
36.7 per cent ditrizoate sodium and 31.4 
per cent diprotrizoate sodium, providing 
o.4 gm. I/cc. Its viscosity 1s 5.5 cps at body 
temperature.!5 This is lower than other con- 
trast media now on the market with the 
exception of urokon sodium 70 per cent. 


This is not the first use of mixtures of 


opaque media. Massell and co-workers" in 
1957 reported less toxicity and better 
opacification by a 2:1 mixture of methyl- 
glucamine and sodium salts of diatrizoate 
in peripheral angiography and aortography. 
Ditriokon represents a new concept їп con- 
trast media to the extent that it is a com- 
bination of two entirely different com- 
pounds as opposed to products which are 
merely mixtures of different salts of the 
same basic compound. 

The present study is not an atrempt to 
compare the relative merits of various 
opaque media, but rather to report on the 
use of this particular medium and to pre- 
sent some of our observations. Of primary 
interest was the performance of ditriokon 
in selective angiocardiography during rou- 
tine catheterizations as recorded by cine- 
roentgenography at 30 frames per second 
on 16 mm. movie film using a Picker 8 inch 
ampliflmer. A few conventional angio- 
cardiograms and arteriograms were made 
with a Schónander biplane film changer. 
All rapid injections were performed with a 
Gidlund high pressure injection syringe 
which warms the contrast materia. to body 
temperature. The types of procedures used 
are shown in Table т. 


CLINICAL MATERIAL 

Ditriokon was used in 75 patients for a 
total of 146 injections. The patients ranged 
in age from five months to fifty-one years 
More than half, 38, were less than ht 
vears old; 18 were eight to thirteen vears 
old; 19 were fifteen to fifty-one years old. 
There were 39 females and 36 males. One 
to five injections per patient were given. 
The largest dose 45 cc., was used in a 243 
pound male. А dose of до cc. was given a 
100 pound, twelve year old female. An 88 
pound child received five injections totaling 
$5 cc. in a period of forty-five minutes. In 
none of these were any unusual reactions 
noted. 


METHOD 


Satisfactory visualization of the right 
side of the heart and the pulmonary artery 
under most circumstances is not difficult. 
Filling of the left heart and aorta from a 
right-sided injection so that a definitive 
diagnosis can be made is more difficult. 
This is especially true in smaller children 
in whom it is impossible to introduce a 
catheter larger than a size 5 into the pul- 
monary artery. Delivery of high-iodine 
content opaque materials through small 
catheters is very slow. Opaque medium 
dribbling from the catheter results in inter- 
mittent filling of the pulmonary arteries 
long after the left side has filled. Under 
such circumstances, neopacification of the 
right side of the heart and the pulmonary 
artery is usually obscured. The smaller 
catheter may be withdrawn after samples 
and pressures have been obtained, and a 
larger one inserted for angiocardiography. 
This prolongs the examination, increases 


© * Manufactured by Mallinckrodt Chemical Worzs, St. Louis, Missouri, which supplied the ditriokon used in this study and the 


technical data concerning it. 


і From the Department of Radiology, Mary Bridge Children’s Hospital, Tacoma, Washington. 
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TABLE I 
TYPE OF PROCEDURES 
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the radiation exposure and risk, and does 
not solve the original catheter placement 
problem. The lower viscosity of ditriokon 
does improve the flow rate and at least 
reduces this preblem. 

Cineroentgenography was used to record 
94 of the 135 selective angiographies. 
Routine cine-exposure consisted of a two 
second burst before injection. À ten second 
exposure was made after the left ventricle 
was emptv. A -otal exposure of twentv to 
thirtv seconds resulted. By counting the 
frames of the finished movie strip, verv ac- 
curate catheter emptving times may be 
obtained. Figure 1 shows a comparison of 
the flow rates of 71 injections and the trial 
results when 4 new, size § Cournand 
"smooth bore" zatheters* were used. These 
figures reveal a wide range in flow rates for 
catheters of the same size, a difference in 
some instances of more than 300 per cent. 
The primary reason for this is the varying 
catheter bore. The present “smooth bore" 
Cournand catheters are more uniform than 
older tv pes of end-opening catheters; how- 
ever, considerable variation still exists as 
seen in Figure r, line А. Catheter bore may 
be altered in other ways. Re-ending cath- 
eters when the metal connecters break ott 
is poor practice. Tightening the knurled 
ring sufficiently. to produce a tight Joint 
will reduce the bore by 50 per cent or more. 
Clotting within and around the openings of 


* Manufactured by she United States Catheter and Instru- 
ment Corporation, Gleas Falls, New York. 








catheters reduces the effect ot the bore. 
Such clots, attached to the ends of catheters 
and impregnated with opaque medium, are 
visible on cineroentgenograms. 

The curves in. Figure 2 show the flow 
rates of ditriokon through various cathe- 
ters. The figures for Cournand "smooth 
bore” catheters are in excess of correspond - 
ing published figures for more viscous me- 
dia, injected through Lehman" catheters 
at 45° C. Lehman and similar catheters 
deliver 25 to 100 per cent more medium, 
the percentage difference being greater in 
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lic. т. Diagram showing a comparison of flow rates 
through different catheters of the same size. A— 
Test "injections" using 4 new size 5 Cournand 
"smooth bore" catheters. B— Flow rates in 28 
routine angiocardiographies using size § cathe- 
ters. C— Flow rates in 16 routine angiocardio- 
graphies using size 5 catheters. D— Flow rates 
in I2 routine angiocardiographies using size 6 
catheters. E— Flow rates in 15 routine angiocar- 
diographies using size 6 catheters. 
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lic. 2. Flow rates of ditriokon with various catheters 
at 37.5° C. using 30 cc. for each reading determi- 
nation. 


the smaller sizes. Lehman" advocates tem- 
peratures above 37.5? C., claiming that no 
tissue damage has been demonstrated in 
experimental animals when temperatures 
as high as 60? C. were used. The improve- 
ment in flow rates through increased tem- 
perature is greater with thicker media and 
at lower pressures. Ditriokon, being a 
medium of lower viscosity, is influenced 
less by an increase in the temperature at 
low pressures than a more viscid medium. 

Satisfactory visualization тау be ob- 
tained by the use of 0.2 to 0.3 cc. of ditrio- 
kon per pound body weight; in no case 
should less than 6 cc. be used. Injection is car- 
ried out at pressures of 9 to то kg. cm.2 No 
catheter has ruptured at these pressures. 


RESULTS 


Visualization of the cardiac chambers 
and great vessels was critically studied 
with particular attention to the left side of 
the heart and the aorta. In Table п “good 
visualization" is synonymous with “‘satis- 
factory for diagnosis." When flow rates 
drop below 3.1 cc./sec. and amounts below 
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o.2 cc./pound, visualization of the left 
heart is usually poor. Visualization of the 
aorta Is more capricious and seems to fol- 
low the rule that the speed of injection is 
more important than the amount of me- 
dium. As little as 0.16 cc./ pound of opaque 
medium resulted in good aortic filling, 
providing the flow rate was 4.4 cc./sec. or 
greater. [t would appear that as long as the 
bolus remains relatively intact, the amount 
injected as well as the injection speed mav 
vary considerably and still result in satis- 
factory opacification. In large hearts and 
those with excessive recirculation through 
large shunts, there is considerable dilution 
of medium. This, as well as eddy currents 
causing stagnation of contrast medium in 
pools at various locations, interferes with 
diagnosis. Figley? has pointed out that de- 
lay in opacification of the left heart is often 
associated with pulmonary stenosis and 
pulmonary hypertension and, to a lesser 
degree, with some cases of acquired heart 
disease. This also may affect visualization 
in that there is greater opportunity for un- 
opacified blood to mix with the opaque 
medium. 

Thirty-eight injections were made for 
pulmonary wedge studies and 1.5 to 2.0 сс. 
of medium was sufficient for good visualiza- 
tion using a size 5 catheter. Originally, the 
recommendations of Bell and co-workers? 
were followed, using 2.0 to 3.0 cc. of con- 
trast material. There is less tendencv to 
extravasation with the smaller amounts. 
Bell e al. used a size 7 catheter but their 
reported cases were those of adults, which 
probably accounts for the use of larger 
amounts. Injection is carried out manually, 
1 cc. fills the catheter; the remainder is in- 
jected rapidly when the signal for roent- 
genographic exposure is given. When the 
catheter is truly wedged, excellent filling 
is the rule. 


REACTIONS 
SYSTEMIC REACTIONS 


Ditriokon has proved to Бе a safe me- 
dium. It is composed of chemical com- 
pounds which have been used in a great 
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number of individuals and for many years. 
Reactions, with few exceptions, have been 
very mild and transient. Such systemic 
symptoms and reactions as cough, sneezing, 
nausea, apprehension, bitter taste in the 
mouth, a feelinz of warmth and flushing 
are common to all iodine-containing com- 
pounds used ir roentgenologic examina- 
tions. These, only, were encountered. 
Cough occurrec in 13 cases, usually in 
those having pulmonary artery injections. 
It was mild in most instances, the patient 
coughing one tc four times. In one, cough 
initiated gagging, which in turn was fol- 
lowed by retchiag and laryngospasm. The 
entire episode lasted less than one minute, 
and was relieved by the anesthesiologist. 
One patient sneezed once, 2 complained of 
nausea, 3 of aoprehension, and most of 
flushing, warmth and/or bitter taste in the 
mouth. There were no instances of vomit- 
ing, urticaria, laryngeal edema or other, 
more severe, allergic reactions. 


CARDIAC ACTION 


There is common agreement that cardiac 
action during catheterization, though no 
contrast medium is injected, is at times very 
unstable. A wide variety of irregularities of 
rate and rhythm in varying degrees of 
severity and even cardiac arrest have oc- 
curred.^?:412:15.1* Extrasystole, acceleration 
and slowing of aeart rate in various com- 
binations have been noted during almost 
all catheterization procedures. These same 
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reactions occur in conventional and selec- 
tive angiocardiography.L9. 455.915,15, 

The satety of ditriokon can be sub- 
stantiated by frame to frame inspection of 
cineroentgenograms. This method of re- 
cording heart action is dramatic. Irregu- 
larities are easily seen and heart rates can 
be counted Ьу a stop watch or by counting 
frames. An accuracy comparable to that of 
the electrocardiogram can thus be achieved. 
In addition to the 79 instances summarized 
in Table 11, 5 additional cineroentgeno- 
grams of poorer technical quality proved 
satisfactory for this purpose. There were 
22 cases of extrasystole; a single beat oc- 
curred in б, two to four beats in о, and the 
remaining 7 developed a short run, lasting 
not over three seconds. There were 15 
similar short runs of accelerated rate and 4 
instances of slowing of heart rate. 

Twenty-five of the 75 cases studied 
showed sufficient instability of cardiac 
action during catheterization that a note 
to this effect appears on the record. This 1s 
contrasted with 59 "stable" hearts as 
shown in Table 11. Cineroentgenograms 
showed no change in rate or rhythm during 
injection in 60 per cent of the "unstable" 
and 56 per cent of the "stable" hearts. 

The following cases illustrate marked 
degrees of cardiac instability which was 
essentially unaffected by selective angio- 
cardiography with ditriokon: 

Case 1. A prior catheterization was ter- 
minated in a female child of six years because of 
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Left Side of Heart Aorta 
Amount of Flow Rate Flow Rate 
Ditriokon (cc. /sec.) (cc. /sec.) 
Injected 7 —— — 
(cc./pound) 1.5 £o 30 3.1 £0 4.5 over 4.5 1.6 to 3.0 *d EO 4.4 over 4.5 
good | poor | good | poor | good | poor | good | poor | good | poor good | poor 
075—.20 4 8 6 6 6 10 2 10 2 10 6 IO 
21—.30 5 4 7 І 6 I 7 7 4 4 7 о 
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intractable bradycardia. The cardiac rate 
dropped to forty beats per minute following the 
introduction of a catheter into the pulmonary 
artery. Six months later, at restudy, 12 cc. 
(0.24 cc./pound) of ditriokon was injected into 
the right ventricle with no clinical reaction and 
no abnormalities seen on cineroentgenograms. 


Case 11. Prior catheterization was terminated 
in this four and one-half year old male child 
following cardiac arrest which occurred when a 
catheter was introduced into the pulmonary 
artery. Thoracotomy was required te initiate 
cardiac action. Five months later the child was 
restudied at which time 7 сс. (0.2 c-./pound) 
of ditriokon was injected into the pulmonary 
artery with no clinical reaction. There was a 
moderate increase in heart rate observed on 
cineroentgenograms. 


Case ш. This eight and one-half year old 
male with transposition of the great vessels and 
cyanosis received an injection of 12 cc. (0.28 
cc./pound) of ditriokon into the right ventricle. 
Cineroentgenograms showed no cardiac ab- 
normality and there was no clinical reaction. 


The following case was the only instance 
of severe reaction following ditriekon in- 
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jection. In view of subsequent events at 
restudv, some doubt can be expressed that 
the contrast medium was the actual cause 
of the asystolic period. 


Case 1v. This fifteen month old female with a 
large interventricular septal defect, reversed 
shunt and occasional cyanosis was catheterized 
under general anesthesia. Following a 2.5 cc. 
pulmonary wedge injection, she had an episode 
of dyspnea and cyanosis. Catheterization was 
continued after she had stabilized. Twenty 
minutes later, a second injection of $ cc. (0.28 
cc./pound) of ditriokon into the main pul- 
monary artery was followed within a minute by 
a fifteen second period of asvstole which ter- 
minated during withdrawal of the catheter to 
the inferior vena cava. Cineroentgenograms 
showed a single extrasystole followed by 
tachycardia prior to the asvstolic period. Fol- 
lowing recovery, the heart rate rose to 210 
where 1t remained for seven minutes and then 
subsided within the next two to three minutes 
to the original rate of 120, Three months later, 
restudy with injection of 6 cc. (0.315 cc. /pound) 
of ditriokon resulted in no clinical reaction. 
Cineroentgenograms at this time revealed three 
extrasystoles during injection. 
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ABNORMALITIES OF CARUTIAC ACTION AS NOTED BY CINEROENTGENOGRAPHY 
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Part Injected “Stalde” Hearts “Unstable” Hearts 
No. of No. of 
Injections Injections 
No Reaction No Reaction 
Acceleration of Acceleration of 
Rate Rate 
— — 
Extrasystole Extrasystole 
Slowing of Slowing of 
Rate Rate 
Right Atrium 13 8 J* C о 2 2 о о о 
Right Ventricle 10 5 1 4 о І б 2 2 о 
Pulmonary Artery 36 20 St 8 "T 13 7 2T ЕІ о 
Totals 59 33 12 ї® 3 25 15 5 ө о 








* [n 1 injection both acceleration and extrasystole occurred. 





f Initial acceleration decreased near the end of cineroer. tgenography. 
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injections both acceleration and extrasystole occurred. 
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Two additioral cases with extended pe- 
riods of abnormal cardiac action also de- 
serve mention. 


Case v. This eighteen month old male with 
acyanotic tetralozy of Fallot was noted under 
general anesthesm to have an unstable heart 
showing frequent extrasystoles. A pulmonary 
wedge injection asing 1.5 cc. of ditriokon, a 
pulmonary artery injection using 7 cc. (0.35 
cc./pound) of ditriokon and a right atrial injec- 
tion using 7 cc. о: ditriokon were done within a 
half-hour. Two minutes after the last injection, 
he developed a lcng run of extrasystoles which 
lasted nearly twenty-five minutes before being 
controlled. Oxygen was administered during 
this period. Cineroentgenograms revealed no 
abnormalities in cardiac action during the im- 
mediate postinjection period. 


Case va. This five year old female, with a 
small interatrial septal defect, was noted under 
local anesthesia sided by hypnosis to have an 
unstable heart with many extrasystoles and a 
tendency to develop tachycardia. Within two 
minutes following injection of 15 cc. (0.25 
cc./pound) of ditriokon, she developed tachy- 
cardia which lasted four minutes and ceased 
spontaneously. Cineroentgenograms were not 
obtained due to improper loading of the camera. 


EXTRAVASATION 


Extravasatior occurred in one pulmonary 
artery and in th-ee wedge injections. There 
was cough in each instance. The medium 
was rapidly absorbed, especially in the 
wedge injections, and disappeared before 
the catheterization was terminated. In each 
case, the cause cf the extravasation was too 
much medium mjected under too great a 
pressure. In the pulmonary artery injec- 
tion, the catheter was inadvertently ad- 
vanced into one of the smaller pulmonary 
arteries of the r:ght upper lobe while turn- 
ing the patient into the oblique position 
for cineroentgenography. It is estimated 
from the cineroentgenograms that about 15 
cc. was injected at a pressure of 9 kg./cm.? 
into the right upper lobe, most of which 
entered the lower portion of the anterior 
segment. Pressures before and after injec- 
tion were 27/16 and 35/18, respectively. 
An irregular density, 3 by 5 cm. in size, was 
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visualized for about an hour, after which 
time it decreased in size. In twenty-four 
hours it had reduced to a small homogene- 
ous linear density less than half the original 
size. Except for violent coughing initially, 
there was no other symptom of lung dam- 
age and no hemoptysis developed. 


BLOOD PRESSURE CHANGES 


Systemic blood pressures have been taken 
routinely before and after catheterizations 
for more than two years. Variations in most 
instances are mild and there has been no 
change in this regard since using ditriokon 
tor angiocardiography. 

Many authors have published their ob- 
servations on the effect of various contrast 
media on systemic blood рге$зиге.$,5,8,11,16,16 
Graphs illustrate an initial drop in blood 
pressure of varving degree with most me- 
dia. The change occurs in some cases im- 
mediately and in others within fifteen to 
twenty seconds following injection. In a few 
there 1s a rise in blood pressure. The two 
components of ditriokon, the sodium salts 
of ditrizoate and diprotrizoate, have op- 
posing effects on svstemic blood pressure at 
high dosage levels.!?!5 The former produces 
a mild rise while the latter causes a similar 
decrease. These changes occur 1mmediatelv 
after injection and are stated to be less 
pronounced than with other contrast 
materials of different chemical compo- 
sition М 

Postinjection pressure in cardiac cham- 
bers and great vessels has received little 
attention in the literature. Dotter and co- 
workers? state, “Right atrial pressures did 
not rise significantly during the rapid 
‘angiographic’ administration or saline to 
adults." This accompanies a discussion of 
the dissipation of the tremendous pressures 
generated in conventional angiography. 
Bell eż al? mention taking postinjection 
pressures in pulmonary wedge injections, 
but do not give any of their observations. 
McFall and others! injected water, saline 
and various opaque materials into the 
hearts and great vessels of dogs in doses of 
1.0 to 1.5 cc./kg. at pressures of 600 psi. 


1086 MES 
Thev state, "In general, these substances 
were not distinguishable from one another 
by the nature of this response." Out of 48 
injections, early blood pressure drop oc- 
curred in 23. 

Similar experiments were carried out by 
Nordenstróm," who injected 1: cc./kg. 
saline and urokon into the inferior vena 


cava, right auricle and right ventricle of 


dogs. He reports an increase of 1 to 2 mm. 
Hg in right atrial pressures. In the right 
ventricle, pressures increased 20 to 30 per 
cent for two to seven heart beats after in- 
jection. He found that urokon has less 
effect than saline. 

Routine procedure in this study con- 
sisted of taking postinjection blood pres- 
sures immediately after cineroentgenogra- 
phy. In all cases this was well within one 
minute after injection. Table rv summarizes 
$9 injections and shows that in 41, nearly 
70 per cent, systolic pressures rose. Later, 
pressures were obtained in some instances 
in the same location and showed a return 
to initial levels. 

In the majority of instances, the changes 
were mild. In the right atrium the svstolic 
pressure in 3 cases rose from 12/0 to 21/6, 
7/1 to 13/2, and 14/8 to 20/10, respectively. 
In 1 case it remained the same at 20/7. The 
most alarming systolic pressure elevations 
occurred in the right ventricle. Here, in 
several cases of high systolic pressure, a 
significant rise was noted: 110/20 to 130/ 
— 5 (Case vi), 80/6 to 115/0, and 110/20 
to 115/5 (Case v). Two blood pressures re- 


TABLE IV 


IN VIVO SYSTOLIC PRESSURE CHANGES WITH 
INTECTION OF DITRIOKON 























No. Pressures 
Part of |— | = 
Injected Injec-| In- Not De- 
tions |creased| Changed|creased 
Right Atrium 9 8 I 
Right Ventricle IO 5 3 2 
Pulmonary Artery] 40 28 2 10 
Totals 59 41 6 I2 
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mained at 85/o and 135/0, respectively. 
One fell from 140/20 to 125/5 (Case 1). In < 
instances there were blood pressures of 50 
mm. Hg or more in the pulmonary artery ; 
in 4 of these, elevations occurred, usually 5 
to то mm. Hg, but in 1 the rise was from 
50/16 to 90/58 (Case ту). In 1 case the 
blood pressure dropped from 50/12 to 37/1. 
In 1 instance of left ventricular а, 
there was a rise from 95/45 to 135/ 

It is quite obvious that sid blood pres- 
sure rises could reverse an already existing 
shunt and produce, at least momentarily, 
a lowered oxygen content in the systemic 
circulation and cyanosis. It is also signifi- 
cant that Cases 1, 1v, v and vi are in this 
group. It would appear that when markedlv 
elevated pressures are found in the right 
ventricle, injection into the right atrium or 
pulmonary artery Is preferable. Blood pres- 
sures built up during injection drop im- 
mediately to former levels as soon as the 
injection is terminated.® 

At the present time one can only specu- 
late on the cause or causes of these blood 
pressure changes. Are they due to vaso- 
constriction or vasodilatation of the pul- 
monary arteries? Is there a direct action on 
cardiac muscle through coronary artery 
filling, causing a change in cardiac action? 
Is it a mechanical effect of the jet imping- 
ing on the septum of the heart, causing 
thereby a change in cardiac contractions? 
Do any of the systemic reactions, such as 
apprehension, play a part? Is "sludging" 
of the blood to blame? Is the type of anes- 
thesia a factor? Does the type of lesion have 
any significance? 


SUMMARY 
Experience with 146 injections using 

ditriokon* in angiocardiographic and other 
vascular studies, especially in selective 
angiocardiography with cineroentgenogra- 
phy, is discussed. 

2. The relatively low viscosity of ditrio- 
kon increases the speed of injection. 

* Ditriokon also has been used in retrograde and voiding cys- 
tography in 6 cases, in 10 choledochographies and in several 


studies of the fistulous tract. In these cases visualization has been 
excellent and there have been no reactions. 
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3. Satisfactorv visualization can be ob- 
tained with injections of 0.2 to 0.3 cc./ 
pound body weight. 

4. Less than half of the patients studied 
showed any abnormality of cardiac action 
during or immediately after injection. 

с. There is usually a mild rise of blood 
pressure in the injected part. Markedly ele- 
vated initial pressures may prove alarming 
but in our study no sequelae were noted. 

6. Frame bv frame inspection of cine- 
roentgenograms is an excellent method of 
studving heart action before, during and 
for a short interval after injection. 

7. Cardiac catheters produced bv the 
same manufacturer and of equal size do 
not necessarily deliver like amounts of 
media per time unit. 

8. Ditriokon appears to be ап excellent, 
safe angiocardiographic medium. 


S. S. Sanderson, M.D. 
522 Medical Arts Building 


Tacoma, Washingten 


The authors wish to thank Drs. T. О. Murphy and 
G. A. Tanbara, members of the cardiac catheteriza- 
tion team, for their assistance and cooperation in re- 
cording data and suggestions in the preparation of 
this paper. 
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AN INJECTION TIMING DEVICE FOR 
ANGIOCARDIOGRAPHY 


By PAUL SEKELJ, Pu.D.F.,* FRED ВКЕМТ, and SCOTT DUNBAR, М.Р. 


MONTREAL, QUEBEC, CANADA 


E HAVE developed a method of tim- 

ing and recording the opaque medium 
injection during angiocardiography in rela- 
tion to a continuously recording electro- 
cardiogram. 

The method, described below, is simple 
and appears to be reliable. It permits per- 
manent recording of the time of the begin- 
ning and the end of the injection in relation 
to the electrocardiogram, in addition to the 
total duration of the injection. Knowing 
the amount of opaque medium injected, 
the flow rate can be readily calculated. The 
electrocardiogram and any arrhythmias can 
be analyzed in relation to the time and 
duration of the injection. 


The device is an adaptation of the 
Gidlund compressed air injection syringe. 
A circuit 1s opened as the syringe piston 
begins its travel, and closed as the piston 
travel is completed. This provides a 
straight line interruption of a continuously 
recorded second channel wave tracing on 
the electrocardiogram (Fig. 1, 2 and 3). 

Figure 4 15 a diagram of the essential 
parts of the syringe with the adaptation 
for timing of the injection. Before the con- 
trol-release push-button is activated, con- 
tact а is closed, the recorder circuit is 
energized through a 6 volt storage battery 
or through a 6 volt D. C. power supply 
operated from the mains. The recording 


* The Department of Biophysics, The Montreal Children’s Hospital. 


T Picker X-ray Engineering Ltd., Montreal. 
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lic. т. Nine cubic centimeters of 70 per cent sodium urokon were injected in .45 second through a No. 6 
Rodriguez-Alvarez catheter. Three aberrant ventricular complexes occurred during and immediately 
following injection, with subsequent prompt restoration of normal rhythm. 
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Fic. 2. Eight cubic centimeters of 70 per cent sodium urokon were injected in 1.25 seconds through a No. 6 
NIH catheter. Normal rate and rhythm undisturbed. 


ENT NUES PANIER ——_—__ ПИАНИНО 


Fic. 3. Seven and one-half cubic centimeters of 70 per cent sodium uroken were injected in 0.8 second 
through a Rodriguez-Alvarez catheter. This was associated with two short bursts of tachycardia with 
aberrant ventricular complexes; normal sinus rhythm re-appeared in j seconds. 
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Frc. 4. Diagram of the Gidlund syrirge system with the addition of the injection timing device. 


pen produces a continuous tracinz. When 
the release control is pressed down, a sole- 
noid is energized and opens contact a, which 
in turn opens the recording circuit; thus 
the tracing is interrupted. When the piston 
arrives at the end of its travel, a switch 
actuator closes contact Z. The recorder 
circuit is then re-energized and the tracing 
reappears. 

At the end of the injection, the appropri- 
ate length of electrocardiographic tracing 
paper is detached, relevant infcrmation 
immediately recorded on it in ink, including 


the patient's name, date, amount of the 
opaque medium used and size of catheter, 
and the tracing then becomes a permanent 
part of the radiologic examination file. 


Scott Dunbar, M.D. 

The Montreal Children's Hospital 
2300 Tupper Street 

Montreal 25, Quebec 

Canada 
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EXPERIENCE WITH MAJOR ARTERIAL VISUALIZA- 
TION EMPLOYING RIGHT HEART OR 
SUPERIOR VENA CAVA INJECTION* 

Ву HOWARD C. BURKHEAD, M.D., GEORGE C. SUTTON, M.D., JOHN B. GRAHAM, М.Р, 
and JOHN P. FOTOPOULOS, M.D. 


CHICAGO, ILLINOIS 


p EFFORTS to improve the results of 
rapidly injected intravenous opaque 
media for visua ization of the aorta and its 
branches (described earlier^?:97), injection 
via a Lehman catheter into the superior 
vena cava, the right auricle or the right 
ventricle has been employed in 85 patients 
during the past year. The technique used, 
its advantages and disadvantages, will be 
presented here. No attempt will be made 
to review the literature оп angiography 
since this has recently been done by Stein- 
berg, Finby, and Evans. 

The intent o* any diagnostic procedure, 
of course, is to secure a diagnostic answer 
with minimum discomfort and risk to the 
patient. The diticulties and risks of trans- 
lumbar aortography,? direct carotid punc- 
ture, and retrograde arterial catheteriza- 
tion, with the attendant difficulties in 
catheter positicning and the danger of in- 
ducing arterial spasm, have given impetus 
to the use of intravenous arteriography. 
Direct arteriography does possess certain 
advantages, since it 1s a basic principle of 
contrast visualzation that the closer the 
site of injection to the vessel studied, the 
better the roentgenologic result. Therefore, 
it may well be used to supplement the 
intravenous method. 

The advantages of one procedure over 
the other, or of one supplementing the 
other, are emerzing, and these will be pre- 
sented in the light of our experience. Since 
the technique employed in the intravenous 
method alters the results, a detailed de- 
scription of ou^ procedures is given here. 


TECHNIQUE 

In the radiology department a cut down 
is made on the patient's medial left ante- 
cubital vein. In compensated patients а 
Lehman catheter of maximum size (usuallv 
F8 or Fie) is then advanced through the 
vein toward the heart as far as can be done 
quickly and easily, usually to the superior 
vena cava. This procedure takes little more 
time than the insertion of a Robb-Steinberg 
needle. A continuous drip of normal saline 
solution with heparin is run through the 
catheter. In patients suspected of having 
congestive heart failure, the catheter 15 
advanced into the right auricle or ventricle, 
and sometimes into the pulmonary artery. 

In all cases, during this process the elec- 
trocardiographic tracing and intracardiac 
pressures are constantly monitored on an 
oscilloscope. Measurement of the right 
ventricular diastolic pressure gives a quick, 
rough evaluation of the degree of conges- 
tive failure, thus eliminating the need for 
circulation time studies and the accom- 
panying risks. 

After insertion of the catheter, a firm, 
sterile bandage is applied to the surgical 
site Іп order to prevent contamination as 
well as catheter displacement. Without 
risk, the patient may then walk or be 
moved to the serial roentgen-ray camera 
and be placed in any appropriate body 
position—supine, oblique or lateral—with 
the arms freely movable and flexible. 

Once the patient is positionec before the 
camera, approximately 85-90 cc. of warm 
contrast 90 per cent 15 injected by a 


* From the Departments of Radiology, Medicine and Surgery of the Northwestern University Medicai School, Chicago, and the 
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pressure pump. (Details for construction of 
a simple, inexpensive pump are published 
elsewhere.*) Serial arteriograms taken for 
approximately ten seconds after the injec- 
tion is completed are sufficient in compen- 
sated patients, while arteriograms taken 
tor twenty to thirty-five seconds аге neces- 
sary for persons with higher than normal 
right ventricular diastolic pressures. This 
injection, which requires appreximately 
two seconds, projects a concentrated bolus 
through the circulation, and its dilution in 
the arterial tree is minimized by the speed 





Fic. 1. (4) Normal aortic arch, subclavian,”carotid 
and vertebral arteries. (B) Elongation, kinking 
and dilatation of the subclavian and carotid 
arteries. 
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lic. 2. The ascending aortic arch and a large 


aneurysm of the proximal thoracic aorta are 
demonstrated in this oblique arteriogram. 


of the injection. 

As a rule, a g inch roll film Fairchild 
camera with a maximum speed of two 
frames per second was used. Since the film is 
small, second injections were made if ex- 
posures in two views were needed. 

RESULTS 

Fightyfive patients have been examined 
by this method without serious difficulty. 
Contrast visualization of the arteries of the 
neck (innominate, carotid and vertebral) 
and mediastinum, the thoracic and ab- 
dominal aorta, the splenic and renal arter- 
ies, and the ileofemoral arteries has been 
successful (Fig. 1-4). 

ADVANTAGES 

The advantages of right heart or vena 
cava injection for peripheral arterial visual- 
ization are many. Introduction and ad- 
vancement of the catheter is simple, pain- 


less and sate. General anesthesia is not 
needed. The measurement of pressures in 
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the right heart in order to evaluate heart 
failure and, hence, prolonged circulation 
time can be done more easily with this 
technique than with chemical methods ot 
determining circulation times. Irrespective 
of injection site, the circulation time of a 





[1с 3 
ileofemoral arteries. (B) Abdominal aorta demon- 
strating multiple saccular aneurysms and a defect 
(probably an atheromatous plaque) in the distal 
aortic wall. 


(4) Normal aorta, and normal renal and 


Arterial Visualization 
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large bolus of contrast material, rapidly 
injected, has been shown to be much 
shorter than the circulation time of a small 
quantity of the medium. In the presence of 
cardiomegaly or congestive failure, precise 
circulation times are difficult to determine, 
and right ventricular diastolic pressures 
serve as an indicator for taking serial arte- 
riograms over a longer interval. 

Serial roentgenography sometimes makes 
a second injection unnecessary when visual- 
ization of a particular artery on one or two 
arteriograms is not clear. 

There has been no occurrence of throm- 
bophlebitis at the site of catheter insertion 
and, theoretically, its incidence should be 
reduced by this technique as compared to 
direct injection of a highly concentrated 
medium into an arm vein. Since the patient 
has a flexible catheter inserted into the vein 
rather than a rigid needle, he may walk, 
bend his arm, be positioned easily and be 
moved quickly if he becomes nauseated or 
uncomfortable after the injection. 

Contrast material cannot be extravasated 
into the soft tissues of the arm, regardless 
of the pressure applied during the injection. 
In addition, the injection of the contrast 
medium into the right auricle or pulmonary 
artery (in contrast to one or two arm sites) 
of decompensated persons greatly improves 
arterial visualization, since the circulating 
time 1s shorter. 

The pump with its handle and catheter 
allows the operator to stand at a distance 
from the patient and also allows him to 
leave the room upon completion of the in- 
jection; this results in low radiation ex- 
posure to the operator. 

Most important is the apparent absence 
of possible damage to the aorta, peripheral 
arteries, or the tissues they supply; con- 
trarilv, this may occur with direct puncture 
or retrograde catheterization. 


LIMITATIONS 


In our experience with intravenous arte- 
riography we have found that injection into 
the vena cava or right heart is superior to 
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injection into an arm for reasons of the pa- 
tient’s comfort, simplified technique, ra- 
pidity of injection and lessened dilution of 
the opaque medium. Because of the cardiac 
perfusion, patients may experience tem- 
porary my ocardial changes following the 
injection, as is shown in Figure $. | lowever, 
no permanent cardiac alteration has been 


observed by us to date. 
It is true that the best examination of 
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any vessel is made with the medium in- 
jected directly into it, and that any intra- 
venous method of arteriographv will not 
result in as clear a visualization because of 
dilution in the heart and lung. However, 
because of the size of the aorta and its ma- 
jor branches, volume multiplied by the 
unit concentration of the contrast material 
Is sufficient to give good (not excellent) 
visualization. Precise delineation of details 


“IG. 4. Comparison of visualization using three 
different. methods of examination in the 
same patient. (4) Intravenous aortogram 
presents adequate visualization of the aorta. 
A suspicious defect is recognized in the left 
renal artery near its origin. The right renal 
artery is poorly seen. (B) Translumbar 
aortogram made two days after 4 demon- 
strates improved contrast of all vessels. (C) 
Retrograde aortogram with injection via 
Kifa catheter through the left femoral ar- 
tery made one day after B shows superior 
contrast and demonstrates defects in both 
right and left renal arteries. 
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LEDI DURING “HYPAQUE INJECT ION 


Fic. 5. Monitoring electrocardiogram taken before and during catheter intravenous aortography 1 in a patient 
severty-two years old with known arteriosclerotic heart disease. The changes subsided in five hours 
witheut treatment and represent the most marked changes seen. 


and o vessels less than 2 mm. in diameter 
IS poor. 


INDICATIONS OF CATHETER-VENOUS 
А ТЕКІОСКАРНҮ 


Our experience has shown that catheter- 
venous arteriography 1s indicated as a pro- 
cedure in the fcllowing conditions: 

Disease cf the larger arteries which 
cannot be safely reached by retrograde 
arterial catheterization or direct puncture. 
(Specficallv, these are the vertebral, 1 
nomirate, subclavian, and common carotid 
arterics and the proximal portions of the 
intermal and external carotid vessels.) We 
believe the risk of damage to the brain or to 
a sclerotic carctid artery is negligible, and 
the centrast visualization is adequate for 
the surgeon. Tais procedure, in our experi- 
ence, does not have diagnostic value for 
details of cerebral arteries far bevond the 
carotid bifurcation, because of poor detail 
and overlappinz of arteries. 

2. Lesions of the thoracic and abdominal 
aorta. or Its major branches, when there 15 


disease of the vessel wall which makes the 
risk of puncturing or catheterizing the 
aorta or femoral artery excessive. 

3. Suspected major arterial disease. In 
this instance,catheter-venousarteriography 
acts as a screening procedure and the pres- 
ence and character, or absence, of all gross 

pathologv can be determined. This may be 
diagnostic and definitive in itself. If more 
precise delineation of smaller arteries 1s 
then needed, selective arteriography by 
direct puncture or retrograde catheteriza- 
tion can be done with foreknowledge of the 
exact site to be visualized and assurance of 
the absence of disease in the vessel to be 
punctured. The use of catheter-venous 
arteriography as a screening procedure for 
further arteriography or catheterization 
has proved to be unusually valuable and 
seems to offer broad possibilities. 


SUMMARY 


Our experience with the rapid injection 
of an opaque contrast medium into the 
right heart shows that there are many ad- 


1096 


vantages to this procedure for visualizing 
the aorta and its major branches. The ex- 
amination facilitates the application of ad- 
ditional selective techniques for small ves- 
sel visualization. 


Howard C. Burkhead, M.D. 
Evanston Hospital Association 
2650 Ridge Avenue 

Evanston, Illinois 
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nical assistance. We also wish to thank Winthrop 
Laboratories, Inc. for the supply of hypaque M go per 
cent which was used for some of the examinations. 


ADDENDUM 


Since admission of this manuscript for 
publication, the intravenous injection meth- 
od for arteriography has been successfully 
employed using the Elema Schónander unit 
as well as cineroentgenography. The latter, 
cine technique, with its low radiation ex- 
posure and expense has allowed longer film- 
ing. This decreases the necessity of prior 
determination of the presence of heart fail- 
ure and its prolonged circulation time. 


Н. C. Burkhead, С. C. Sutton, J. B. Graham and J. P. Fotopoulos Jons, :96: 
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VENOANGIOGRAPHY* 


By ALVARO RONDEROS, M.D., EDGAR W. BRANYON, Jr., M.D., J. THOMAS CARLIN, Jr., M.D., 
and JAMES DOYLE, M.D. 


BIRMINGHAM, ALABAMA 


"Г! E purpcse of this paper 15 to report 
our technique, experience, and results 
with a method of angiography currently in 
use at the University Hospital, Birming- 
ham, Alabama. 

The historical aspects of the development 
of angiography, angiocardiography, and 
aortography have been reviewed recently 
by Steinberg ef al?" and Kincaid and 
Davis.» The development of similar pro- 
cedures and the advantage of intravenous 
aortography cver the methods which re- 
quire direct puncture of the arteries have 
been discussed by Bernstein e a/.! and by 
Greenspan anc his associates." 

Improvement in roentgenographic equip- 
ment, the use of rapid cassette changers?? 
and pressure injection, and refinements in 
contrast media, which are now less toxic 
and more soluble®! and can be employed 
in larger amcunts,?!?79.4 have made it 
possible to emhance visualization of the 
major arteries Ьу injection through the 
venous route. 

TECHNIQUE 

Under local anesthesia using one per cent 
novocaine, the right antecubital vein is 
isolated. A Leaman cardiac catheter No. 9 
(Fig. 1) is inserted through the basilic vein 
into the axillary vein or, preferably, the 
superier vena cava. When there is any 
doubt as to the exact location, fluoroscopy 
is performed to observe the position of the 
tip of the catheter. We prefer to use the 
right arm; however, we have used the lett 
arm on six occasions. We have also used 
the right femcral vein, and the right super- 
ficial jugular vein. Determination of the 
circulation time is made onlv when there is 
clinical eviderce that it may be abnormal. 

An injection of 95 to 100 ml. sodium and 


n-methylglucamine salts of diatrizoic acid? 
diluted to 70 to 75 per cent solution and 
warmed to 37? C. is made using the Elema- 
Schónander automatic injector at a pres- 
sure of ; pounds per square centimeter. 
With a Sanchez-Perez seriograph, twelve 
exposures are made in each examination at 
intervals of one-half to two seconds. 

For visualization of the thoracic aorta 
and neck vessels, the first angiogram of the 
series is taken five seconds after completion 
of the injection. When the abdominal aorta 
is the object of studv, the series 1s usually 
started eight seconds after completion of 
the injection. 

We use 300 ma., one-tenth second and a 
kilovoltage varying from 70 to 110, accord- 
ing to the thickness of the exposed region. 
The distance from tube to table top is 40 
inches. А preliminary roentgenogram 15 
alwavs made to check the technique, the 
position of the patient and the mechanical 
functioning of the equipment. 


MATERIAL 


One hundred and nine venoangiographies 
were performed during the period from 
August, 1959 to May, 1960 in the Radio- 
logical Department of the University Hos- 
pitalf and they constitute the material for 
the present article. The ages of the patients 
were between fourteen and seventy-five 
years. 

A single dose of 95 to тоо ml. of 75 per 
cent hypaque was used in ІСІ patients. In З 
patients a second injection of the same 
volume and concentration of the medium 
was made after an interval of fifteen to 

* Supplied as "hypaque" by Winthrop Laboratories in 90, 
75, and co per cent solutions. 

+ The first 67 of these cases were reported at the Alabama 


State Medical Meeting in April, 1960 by Drs. Champ Lyons and 
Alvaro Ronderos. 


* From the Department of Radiology, Medical College of Alabama, Birmingham, Alabama. 
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Fic. 1. Cut-down tray with No. 9 Lehman cardiac 
catheter. 


twenty minutes for technical reasons or for 
complementary studies. 


KESULIS 


Sixteen venoangiograms, out of the total 
of 109, were considered to be unsatisfactory 
for roentgenologic interpretation. Table 1 
summarizes our total experience rcgarding 
the effectiveness of venoangiograplry in the 
IC9 examinations. 

In general, the quality of the angiograms 
was excellent with satisfactory visualiza- 
tion of the cardiac chambers and the as- 
cending portion of the aorta. The great 
vessels arising from the aortic arch were 
adequately visualized in three-fourths of 
the cases. It is very important that careful 
positioning of the patient and satistactory 


TABLE І 


VENOANGIOGRAPHY 


Satis- Unsatis- 
factory factory... 
Area : | : l'otal 
Exami- Exami- 
nation nation 
Mediastinal and 
Pulmonary Vessels 23 O $3 
Neck Arteries 4 8 39 
Descending Aorta | 2 16 
Abdominal Aorta 22 4 16 
Pelvic and Femoral 
Arteries Я 2 5 
Total 93 16 109 
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rotation of the head be done to prevent 
overlapping of the major neck vessels. 

The abdominal aorta is not visualized as 
distinctly as the thoracic aorta, but there is 
usually adequate demonstration of aneu- 
rysms or large atheromatous plaques. This 
examination has proved inadequate to ex- 
clude the possibilitv of the presence of 
small plaques or minimal strictures of the 
renal arteries. 

In the workup of hypertensive patients, 
we feel that direct or retrograde aortog- 
raphy is indicated rather than venoangiog- 
raphv. 


I. MEDIASTINUM AND PULMONARY VESSELS 


А total of 23 patients was examined. 

In 2 patients with carcinoma of the lung, 
a major vessel involvement was demon- 
strated and used as a criterion for inopera- 
bility (Fig. 2). In 3 patients, angiograms 
excluded a pulmonary sequestration of the 
lung by proving the absence of anomalous 
arteries. A suspected pulmonary arterio- 
venous Astula was clearly demonstrated on 
the angiogram in I patient (Fig. 3). 

The distance between the endocardium 
and pericardium was a matter of interest in 
2 patients during their recovery from 
wounds of the heart. This type of measure- 





Fic. 2. Left upper lobe bronchogenic carcinoma oc- 
cluding the left pulmonary artery (arrows). 
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Fic. 3. J. W. C., a thirty-eight year old white male 
with Rendu-Osler-Weber’s disease. Arrow in- 
dicates associated pulmonary arteriovenous mal- 
formation. 





ment is also useful in the recognition of 

myocardial hy pertrophy and ventricular Itc. 4. Aortic arch aneurysm. The examination was 

aneurysms. performed with the patient supine and the left side 
Mediastinal tumors were suspected in 12 elevated 20 degrees. 

patients. In 2 of these, aneurysms were 

identified (Fig. 4). In 3, the masses were 





Fic. 5. A mediastinal mass was indistinguishable from the right heart border on plain roentgenograms. 
Venoangiograms demonstrate (4) early and (B) late cardiac filling phases outlining the heart chambers 
separate from the mass. Subsequently, Hodgkin’s disease was proved. 
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liG. 6. Right sided aortic arch. 


confirmed to be extrinsic to the heart and 
major vessels (Fig. 5, // and B). In т pa- 
tient who was suspected of having a peri- 





Fic. 7. A forty-three year old white female: with 
asymptomatic dilatation of the common. pul- 
monary artery. 





Є 
ric. 8. Complete occlusion of the right internal 
carotid artery (arrow). 


cardial cyst, the venoangiogram demon- 
strated a dextroversion of the heart. One 
patient with a superior mediastinal mass 
was proved, angiographically, to have a 
right aortic arch (Fig. 6). In another pa- 
tient, a large left hilar mass seen on the 
plain roentgenograms was shown by veno- 
angiography to be a dilatation of the pul- 
monary artery (Fig. 7). Four other exami- 
nations were considered to be normal. 

In general, the quality of the venoangio- 
grams and the concentration of the con- 
trast medium were excellent in these ex- 
aminations. 

2. NECK ARTERIES 

The vessels arising from the aortic arch 
were studied in 39 patients for cerebro- 
vascular insufficiency and occlusive diseases 
of the subclavian arteries. In 15 patients, 
occlusive disease was demonstrated either 





a 


їс. 9. Normal study demonstrating the great vessels 
cf the aortic arch. 


by showing the area of narrowing or by 
lack of filling of one or more vessels (Fig. 8). 
SIX examinations were interpreted as nor- 
mal (Fig. 9). In 1 patient, a fusiform aneu- 
rvsm of the rght subclavian artery was 
tound (Fig. то) and, in another, a trau- 
matic carotid-jugular fistula was demon- 
strated in the left neck (Fig. 11). In 5 pa- 
tients, where eadarterectomy or prosthetic 
bv-pass had been performed, this examina- 
tion demonstrated patencv of the graft in 2 
cases and occlusion in 3. Occlusion of the 
subclavian artery was shown in 3 patients 
(Fig. 12), in 1 of whom it was extrinsic and 
was relieved by scalenotomv. Eight studies 
were considered to be unsatisfactorv. 


3. DESCENDING AORTA 


Examination of this portion of the aorta 
was performec in 16 patients. Àn aneu- 
rvsm, suspected in 6 instances, was dem- 
onstrated in 4 and excluded in 2. A dissect- 


Venoangiography 
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lic. то. l'usiform aneurysm of the right subclavian 
artery. 


ing aneurysm was suspected in 2 cases, 
being verified in 1 (Fig. 13) and excluded in 
the other. In another patient, after aortic 
surgerv, excellent visualization of the anas- 
tomotic line was demonstrated (Fig. 14). 

In 7 patients with suspected posterior 
mediastinal tumors, the examination 





Left carotid-jugular fistula with marked 
dilatation of the vein. 
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Fic. 12. Right subclavian artery occlusion Бу ап 
atheromatous plaque at its origin (arrow). 


showed that 2 of them had a tortuous aorta, 
2 had extravascular masses, and 1 was nor- 
mal; 2 examinations were unsatisfactory. 


4. ABDOMINAL AORTA 


Examination of the abdominal aorta in 
26 patients demonstrated an aneurysm 1n 3 
(Fig. 15). Unilateral renal artery occlusion 
was confirmed in 2 cases. Figure 16 is a 
venoangiogram showing the patencv of an 





Fic. 
thoracic aorta. Note “double lumen" 
false lumen projected posteriorly. 


13. Dissecting aneurysm of the descending 
with the 
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Postoperative narrowing of the aorta at the 
site of a resected coarctation, 


FIG. 14. 





Fic. 15. Fusiform aneurysm of the abdominal aorta 
below the renal arteries. 
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lic. 16. Aortic-renal graft. 


aortic-renal shunt performed for relief of 
hypertension. In the remaining patients, 
venoangiography was elected for evalua- lic. 18. Normal pelvic vessels. 
tion of occlusive disease of the abdominal 
aorta with 8 examinations normal (Fig. 17), 
8 indicating minimal to moderate atheros- 
clerosis and 4 be ng unsatisfactory for inter- 
pretation. 
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Fic. 19. Extravasation of medium into the right 
Гіс. 17. Normal abdominal aorta. supraclavicular soft tissues. 
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5. PELVIC AND FEMORAL ARTERIES 


Venoangiography for study of the pelvic 
and femoral arteries was done on 5 patients. 
Two of these studies were unsatisfactory; a 
lesion was demonstrated in 2 instances and 
excluded in т (Fig. 18). 


COMPLICATIONS 


Usually the patients experienced а gen- 
eralized flush immediately. after the injec- 
tion of the contrast medium and, fre- 
quently, they noted a metallic taste. Nine 
patients in this series became nauseated 
and 2 of these vomited. Two of the patients 
developed a severe headache which lasted 
for two to three hours. Another patient 
developed a seizure forty-five minutes after 
injection of the contrast medium; however, 
since this patient was a known epileptic, 
the significance of this seizure cannot be 
ascertained. 

In 2 patients, extravasation of the me- 
dium occurred. In 1 of these, the tip of the 
catheter was located in the lower neck and 
almost the entire amount of the medium 
infiltrated the neck (Fig. 19). The patient 
experienced immediate severe local pain at 
the site of extravasation. Roentgenograms 
made on the following day showed com- 
plete disappearance of the contrast me- 
dium from the soft tissues and the patient 
was asymptomatic. This patient has been 
followed for one month without evidence 
of soft tissue necrosis or other complication. 

In another patient, infiltration of ap- 
proximately 5 cc. of contrast medium oc- 
curred in the upper mediastinum through a 
ruptured collateral vein and, again, tempo- 
rary local pain was experienced but the 
medium was completely absorbed in six 
hours and there were no sequelae. 

No incidence of allergy to this contrast 
medium occurred in these тод patients. 


SUMMARY 


A total of 109 examinations, during the 
period from August, 1959 to May, 1960, 
was done at the University Hospital in 
Birmingham, Alabama. 


A. Ronderos, E. W. Branyon, Jr. 


‚ J. T. Carlin, Jr. and J. Doyle Juse, 1961 

We have emphasized the use of large 
amounts of concentrated contrast medium 
(95 to 100 ml. of 70 to 75 per cent hypaque), 
and the pressure injection of it through a 
catheter placed in the superior vena cava. 

We believe that larger amounts of con- 
trast medium can be used in the future 
with further inprovement of the diagnostic 
capabilities of this technique. 

“тот our experience, this method of 
venoangiographv is a safe and simple pro- 
cedure that can be done under local anes- 
thesia with minimal complications. 

The results have encouraged us to con- 
tinue the use of this method for the studv 
of the neck vessels and the thoracic and 
abdominal aorta. 


Alvaro Ronderos, M.D. 
Department of Radiology 
University Hospital 
Birmingham 3, Alabama 
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BUCKLING OF THE INNOMINATE ARTERY 
SIMULATING ANEURYSM AND TUMOR* 


By HAROLD J. SCHNEIDER, M.D., and BENJAMIN FELSON, M.D. 


CINCINNATI, OHIO 


UCKLING of the innominate artery is 

a relatively common entity that has 
had limited recognition. It is of particular 
roentgenologic importance because it is 
often mistaken for an aneurysm or a tumor 
of the lung or mediastinum. 

Buckling of the right сотто. carotid 
artery was first described anatomically by 
Coulson,! in 1852. More recently, buckling 
of the carotid and/or innominate artery has 
been described in a number of 1 onradio- 
logic Journals.?:5.7.3.10.11 

On reviewing the approximacely 125 
cases of carotid or innominate artery buck- 


ling reported in the literature, a number of 


interesting facts came to light: (1) Almost 
all patients were over forty years of age. 
The few younger patients, particularly 
those under thirty, had coarctation of the 
aorta. (2) The great majority of patients 
were females. (3) Most patients were obese 
and had clinical evidence of arteriesclerosis, 
hypertension, or both. (4) Card omegaly 
was a frequent finding, usually on the basis 
of hypertension although somet mes at- 
tributable to aortic insufficiency. (5) A 
small pulsating mass was often palpable in 
the right supraclavicular fossa. (6 The in- 
nominate artery was affected far less fre- 
quently than the carotid. 

Three recent cases of buckling of the in- 
nominate artery encountered at the Cin- 
cinnati General Hospital illustrate the im- 
portance of recognizing this condition. 


REPORT OF CASES 


Case т. This sixty-one year old white male 
complained of intermittent aching of the lower 
left chest, pain being accentuated by exercise. 
Exertional dyspnea was also present. 

Physical examination revealed a blood pres- 
sure of 150/55. The cardiac and respiratory 


rates were normal. There were prominent 
pulsations over the arteries in the neck, but no 
mass was palpable in the supraclavicular re- 
gion. There was no tracheal tug. The heart was 
moderately enlarged, with left ventricle pre- 
ponderance and the murmur of aortic insuf- 
ficiency. 

Routine laboratory findings were normal. 
Blood and cerebrospinal fluid serologic tests for 
syphilis were negative. 

Roentgen examination of the chest showed 
left ventricular enlargement. The thoracic 
aorta was moderately dilated, elongated, and 
uncoiled. A right superior mediastinal mass was 
visible, blending inferiorly with the arch of the 
aorta. "There was no evidence of calcification 
within the mass. The trachea was normal. The 
left superior mediastinum above the aortic 
knob was moderately prominent (Fig. 1). On 
fluoroscopy the mass appeared to pulsate. It 
diminished in size with the Valsalva maneuver 
but did not move with swallowing. The esoph- 
agus appeared normal. 

The initial diagnosis was innominate artery 
aneurysm. Angiocardiography, performed to 
verify this diagnosis and to exclude neoplasm, 
revealed, to our surprise, that the mass merely 


represented a Ll buckled innominate 
artery (Fig. 2, Æ and B). The left subclavian 
artery showed cubitos elongation, dilatation, 


tortuosity, and lateral displacement, account- 
ing for the prominence on the left side. 


Case п. This fifty-two year old white male 
had been followed for a period of eighteen years 
because of rheumatic heart disease with aortic 
and mitral valvular involvement. The aortic 
valvula> disease predominated, the degree of 
insufficiency having increased over the years. 
The initial blood pressure was 150/40 but, as 
the years passed, the systolic pressure rose to 
260. More recently, roentgenographic evidence 
of widening of the right superior mediastinum 
had appeared (Fig. 3). The resulting mass 
blended inferiorly with the arch of the aorta and 
slightly indented the esophagus. It was felt to 


* From the Department of Radiology, Universit» of Cincinnati College of Medicine. 
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cardiography was performed to evaluate the 
extent of the innominate artery aneurysm. 
This showed no aneurysm at all, but a striking 
degree of buckling of the innominate artery 
(Fig. 4, £ and B). 

The patient’s condition did not permit the 
Hufnagel operation and he rapidly deteriorated 
and expired. Permission for autopsy was not 
granted. 


Case ul. This sixty-two year old Negro 
woman was found to have obesity, hyperten- 
sion, moderate cardiomegaly, and anemia. 
Serologic studies for syphilis were negative. 

On the mitial chest roentgenogram, a small 
nodular mass, about 2 cm. in diameter, was dis- 
covered in the medial portion of the right apex 
(Fig. 54). The trachea appeared normal. Serial 
chest roentzenograms over the next five months 
suggested slight enlargement of the mass. 
Laminagraphy (Fig. 5B) showed no calcifica- 
tion within it. The medial margin appeared to 
blend with the superior mediastinum. 

Because of the likelihood of neoplasm, sur- 
gical exploration was advised. However, a 
medical student called attention to a slight 
represent an innominate artery aneurysm fullness in the right supraclavicular fossa with 
despite the fact that, on fluoroscopy, it showed prominent pulsations. A vascular lesion was 
only minimal pulsations and these appeared to now suspected and angiocardiography was 
be transmitted rather than expansile. Because performed. This showed that the mass repre- 
of the progressive aortic insufficiency, insertion sented a dilated buckled innominate artery 
of a Hufnagel valve was contemplated. Angio- (Fig. 6, Z and B). 





lic. т. Case т. There is widening of the superior 
mediastinal shadow predominantly to the right. 
The aorta is dilated and the left ventricle appears 
slightly enlarged. 







Left carotid artery 


Right carotid artery 








Left subclavian artery—» 


Right subclavian artery 





INNOMINATE ARTERY 





Fic. 2. Case 1. (4) Angiocardiogram showing dilatation and tortuosity of the great vessels arising from the 
aorta, with marked buckling of the innominate artery. (B) Drawing of 4. 
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Itc. 3. Case п. A right superior mediastinal mass is 
present, slightly indenting the esophagus. There 
is fullness of the left mediastinum above the aortic 
knob. Moderate cardiomegaly is present. 


DISCUSSION 

The normal innominate artery 15 a rela- 
tively short vessel, only 5 cm. in length. It 
has three points of fixation, the arch of the 
aorta, the right subclavian artery as it 
passes under the scalenus muscle, and the 
carotid artery, in turn fixed by the internal 
and external carotid branches within the 
neck.?5 When, because of atherosclerosis, 





Harold J. Schneider and Benjamin Felson 


JUNE, 1961 


the thoracic aorta dilates, elongates, and 
uncoils, the aortic arch moves cephalad, 
carrying with it the origin of the innominate 
artery. Since it is fixed superiorly, the short 
innominate artery can compensate only by 
buckling or kinking. This process is further 
accentuated by atherosclerotic elongation 
and dilatation of the innominate artery 
itself. 

In none of our 3 cases was the correct 
diagnosis made from the conventional 
roentgenograms. In 2 of the cases the work- 
ing diagnosis was aneurysm, while in the 
third it was pulmonary neoplasm. 

Nevertheless, we now believe it 15 pos- 
sible to make a presumptive diagnosis of 
innominate artery buckling in most cases. 
Evidence of arteriosclerosis, hvpertension, 
cardiac disease, and in particular а small 
pulsating mass in the right supraclavicular 
fossa or lower cervical region are helpful 
clinicalsigns. Most of the following roentgen 
signs are usually present: contiguitv of the 
mass with the aortic arch in all projections; 
a smooth lateral border; linear calcification; 
prominence of the left superior mediastinum 
above the aortic knob, indicating a similar 
process in the subclavian artery; and evi- 
dence of atherosclerosis of the thoracic 
aorta. 


Right carotid artery 
Left carotid artery 







Right subclavian artery Left subclavian artery 
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Fic. 4. Case и. (4) Angiocardiogram showingthe dilated and buckled innominate artery. (B) Drawing of 4. 
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Buckling of Innominate Artery 
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. Case ти. (4) There is a small lobulated density in the medial portion of the right apex. (B) Lamina- 


gram suggests an intrapulmonary nodule. It appears to blend with the mediastinal shadow. 


Fluoroscopy is of limited value in the 
ditterential diaznosis, since intrinsic pulsa- 
tions may also occur with aneurysm. Fur- 
thermore, it is often difficult to distinguish 
intrinsic pulsations from the transmitted 
ones seen with nonvascular masses adjoin- 
ing the aorta or great vessels.” Tracheal tug 
and m ovement of the mass with swallowing 
are usually absent in innominate artery 
buckl ng. 





Right subclavian artery 


Bronchography has little to offer. Lam- 
inagraphy is helpful in demonstrating 
the calcified plaques, when these are pres- 
ent. 

The definitive diagnosis can be made by 
catheter aortography or angiocardiogra- 
рһу.* Of the two, the former gives the bet- 
ter delineation of the arteries. The use of a 
blind tip catheter with side holes is pre- 
ferred in order to avoid propulsion of the 
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[1с. 6, Case rir. (7) Angiocardiogram demonstrates a tortuous kinked innominate artery. (B) Diagram of 4. 
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catheter by the jet of the injection. Failure 
of catheter passage due to obstruction by 
thrombosis, atheroma, or arterial kmking 
is less likely to occur with the femoral than 
with the brachial агїегу route. 

On the other hand, angiocardiography 
will usually result in opacification, as in the 
present cases. It should be attempted first, 
as it is the simpler and safer method. The 
contrast medium can be injected into the 
antecubital vein through a Robb-Steinberg 
12-gauge cannula or into the superior vena 
cava or right heart bv means of a blind tip 
catheter. The latter site, of course, results 
in less dilution of the contrast substance. 
Angiocardiography should be used only in 
cases in which the arm-to-tongue circula- 
tion time is normal, or nearly so, and in 
which cardiovascular shunts are absent, 
since the dilution factor will otherwise be 
too great for satisfactory opacification of 
the innominate artery. If visualization of 
the innominate artery is unsuccessful by 
the venous method, catheter aortography 
may be performed on another day. 

Though angiography is time-consuming 
and entails a small risk, it should always 
be used before operation for mass lesions in 
this region. Since the diagnosis of buckling 
of the great vessels carries with it no serious 
implications, unnecessary surgical inter- 
vention may thereby be averted. 


SUMMARY 


Buckling of the innominate artery is a 
relatively frequent condition which is often 
mistaken for aneurysm or neoplasm. Angi- 
ography is the only definitive method of 
diagnosis. Since it 1s innocuous, considera- 
tion of this entity in the differential diag- 
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nosis of right superior mediastinal or pul- 
monary masses may avert unnecessary 


surgical explorations. Three cases in which 
the initial roentgen diagnosis was incorrect 
аге reported. 


Harold J. Schneider, M.D. 

Department of Radiology 

University of Cincinnati College of Medicine 
Cincinnati, Ohio. 
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THE LOCALIZATION OF PORTAL OBSTRUCTION 
BY SPLENOPORTOGRAPHY* 


By INGEMAR BERGSTRAND, M.D.f 


CHICAGO, ILLINOIS 


HE techn que of splenoportographv 
was introduced less than ten vears 
ago.! At first, enthusiasm about its possibil- 
ities was great. [t was claimed that with 
this new methed of examination the exact 
location of any portal obstruction could be 
determined.? ^ However, more recent ex- 
perience has shown that in many cases the 
correct location of the obstruction is difficult 
to identifv. Sometimes the examination 
тау even give а completelv false indication 
as to the site of obstruction.?:45 5.10.15. 14 
The two means by which any splenic or 
portal obstruction can be determined roent- 
genographically are: (1) by studying the 
visualized portions of the splenic and portal 
veins, and (2) by analvzing the tvpe of 
collateral circulation which is demonstrated. 
The farthest point of visualization of a 
vessel does not alwavs indicate the site of 
obstruction. The discrepancy may be due 
to exposure of the film before the contrast 
medium has filled the patent splenoportal 
pathwav.*" Serial roentgenograms of at 
least fifteen seconds are necessarv to get 
optimal visualization of the portal svstem 
if its circulation is slow. In some cases with 
severe vascular obstruction, the part of the 
vessel adjacent to the obstruction mav be 
patent but filled with blood circulating 
awav from the obstruction to collateral 
pathways. This is possible because there 
are no valves in the portal svstem. As has 
been shown ir animal experiments, in 
splenoportographv contrast medium can- 
not be forced against the flow of blood and 
will, therefore, not outline the patent vessel 
up to the obstruction, even if serial roent- 
genograms covering a delaved time are 
obtained.* 
Analysis of the tvpe of collateral circula- 


* P 


tion is of help in locating any obstructive 
lesion. If the vascular obstruction is 
intrahepatic, the collateral vessels will 
drain the congested vascular area toward 
the low pressure systemic veins and not to 
the liver. This is called a hepatofugal (away 
trom the liver) collateral circulation. On the 
other hand, if the obstruction is extra- 
hepatic, the collateral circulation will, as a 
rule, develop toward the portal system be- 
hind the obstruction and toward the liver 
where, in both locations, the portal pres- 
sure 1s normal. This is called a hepatopetal 
(toward the liver) collateral circulation. 
However, experience has shown that some- 
times the collateral vessels are incompletelv 
filled by the splenic injection and the parts 
which fill mav give misleading information 
as to the location of the obstruction. 


MATERIALS AND RESULTS 


In order to study the possibility of deter- 
mining the correct location of any spleno- 
portal obstruction by splenoportography, 
two groups of patients from the material 
of the University of Lund were selected. 
The first group consisted of 91 cases of 
proved intrahepatic obstruction, in most 
Instances due to cirrhosis, with patent ex- 
trahepatic vessels. The second group con- 
sisted of 1g patients with proved extra- 
hepatic obstruction and a normal liver. 
Cases with both intra- and extrahepatic ob- 
struction are not included in this analvsis. 
In 85 of the gr cases with cirrhosis, the con- 
trast medium passed through the splenic 
and portal vessels and reached the liver. The 
porta hepatis was seen after a varying time 
of two to eight seconds following the injec- 
tion. Thus, by the contrast visualization of 
splenic and portal veins, the presence of 
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liG. 1. Intrahepatic obstruction. Hepatofugal col- 
lateral circulation is entirely through short gastric 
veins toward the esophageal veins. 


any extrahepatic obstruction could be 
ruled out. The collateral vessels in these 
cases were always hepatofugal, directed 
away trom the liver. Figures 1, 2 and 3 
illustrate some of these cases with patent 
splenic and portal veins and hepatofugal 
collateral circulation due to intrahepatic 
obstruction. 


In cases with an advanced degree of 


intrahepatic obstruction, there was a very 
slow circulation through splenic and portal 
veins and only a small part ot the in- 
jected contrast medium could reach the 
liver (Fig. 4, £ and В). Most of the con- 
trast medium, however, drained through 
hepatofugal collaterals to the lett renal vein 





FIG. Es 


Intrahepatic obstruction." Hepatofugal col- 
lateral circulation 1s mostly in a caudal direction 
via the inferior mesenteric vein. 
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and inferior vena cava (Fig. 4C). It is easv 
to imagine what will happen when intra- 
hepatic obstruction is still more advanced. 
The flow in the portal vein will stop and 
will even be reversed. The mesenteric blood 
will drain toward the splenic vein and then 
through hepatofugal collateral veins to the 
caval system. The contrast medium in- 
Jected into the spleen will not reach the 
liver against the reversed flow in splenic 
and portal veins. This happened in 6 of the 
91 cases with verified exclusive intrahepatic 
obstruction (Fig. 5, dC). In most cases, 
only part of the splenic vein was filled. The 
visualized collateral circulation = which 
drained the splenic area was entirely he- 
patofugal and in most cases consisted of 
vessels draining into the left renal vein. In 
such cases, therefore, the intrahepatic na- 
ture or the disease may easily be over- 
looked, even if the hepatofugal type of col- 
lateral circulation suggests such a location. 

Of the second group consisting of Ig cases 
with proved extrahepatic occlusion with a 
normal liver, in 3 patients the obstruction 
was located in the splenic vein; in 12, in 
the portal vein; and in 4, both the splenic 
and the portal veins were found to be oc- 
cluded. 

In 2 of the 3 cases with splenic vein ob- 
struction, splenoportographv showed the 





Intrahepatic obstruction. The collateral 


PIG. 3 
circulation utilizes exclusively the parumbilical 
vein, 


Splenoportography 
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obstructed splenic vein being bypassed by 
hepatopetal collateral vessels draining into 
the pertal vein, which appeared to be nor- 
mal as did the liver (Fig. 6). In such cases, 
therefore, splenoportography clearly out- 
lines the site of the vascular obstruction. In 
the third case with splenic obstruction, there 
was neither visualization of the splenic or 
portal vein nor of any hepatopetal collat- 
eral circulation. The demonstrated collat- 
eral circulation was hepatofugal, mainly di- 
rected toward the left renal vein (Fig. 7, 7 
and В). The patent portal vein was demon- 
strated later by portographv during lap- 
arotomv. This case, therefore, is an example 


lic. 4. Advanced intrahepatic obstruction. 
(4 and B) Only a small amount of the 
contrast medium reaches the liver and 
outlines the portal vein incompletely. 
(C) lave seconds later, extensive col- 
lateral circulation to the left renal vein 
and inferior vena cava is demonstrated. 


of instances where both the extent of spleno- 
portal visualization and the type of col. 
lateral circulation, as shown by spleno- 
portography, are misleading. The correct 
diagnosis in such a case can only be arrived 
at bv additional portograms and pressure 
measurements during laparotomy. 

In most of the 12 cases of extrahepatic 
portal obstruction, splenoportography led 
to the correct diagnosis, with visualization 
of the splenic vein and hepatopetal col- 
lateral arculation past the obstructed 
portal vein to the liver (Fig. 8). However, 
in 2 of the 12 cases with extrahepatic portal 
obstruction, the splenic vein was not filled 
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l'1G. 5. Advanced intrahepatic obstruction. (4, B and C) The contrast medium entirely fills a tortuous col- 
lateral vessel draining the beginning ot the splenic vein into the left renal vein and inferior vena сауа. 
(D) Roentgenogram taken after injection of contrast medium into the superior mesenteric vein. The 
coronary vein responsible for the esophazeal varices is now filled, as well as the patent portal and splenic 
veins. (А and F) Esophageal varices, not shown on the splenoportogram. 


by contrast material during splenoportog- 
raphy, though it was found to be patent 
during laparotomy (Fig. 9, 4, B and C). 
The nonfilling of the patent splenic vein 
during splenoportographv in these cases is 
certainly due to reversed splenic vein flow. 
lhe presence of esophageal varices, as 
shown on esophagograms but not revealed 
by splenoportography (Fig. 9, D and А), 


indicates that the patent splenic vein is 
drained by some other nonvisualized col- 
lateral vessel. 

In 3 of these 12 cases with extrahepatic 
portal obstruction, the splenic vein was 
visualized but there was no hepatopetal 
collateral circulation demonstrated (Fig. 
10). This wrongly indicates an intrahepatic 
obstruction and is possibly due to incom- 





Fic. 6. Splenic vein obstruction. There is hepato- 
petal collateral circulation via the gastroepiploic 
veins and the short gastric veins to the coronary 
vein by which the congested area is drained into 
the portal vein and to the normal liver. 


plete filling of the hepatopetal collaterals. 

In the 4 of the 1g cases with extrahepatic 
obstruction where both splenic and portal 
veins were found to be occluded, splenopor- 
tograms showed the correct location of the 
obstruction by the absence of contrast me- 


Splenoportography 
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dium in the splenic and portal veins and the 
presence of a hepatopetal collateral circula- 
tion (Fig. тт, Æ and В). 


CONCLUSION 

The presented material shows that 
splenoportography in most cases can reveal 
the correct location of any occlusion. In 85 
of g1 cases with intrahepatic obstruction 
and in 12 of 1g cases with extrahepatic 
obstruction, the correct diagnosis could be 
made. A splenoportogram with visualiza- 
tion of splenic and portal veins and no 
hepatopetal collateral circulation (Fig. 12) 
definitely indicates an intrahepatic ob- 
struction. A splenoportogram with visuali- 
zation omlv of the portal vein via hepato- 
petal collateral circulation (Fig. 13) 1s 
proof of splenic vein obstruction. А spleno- 
portogram with contrast filing of the 
splenic vein, nonvisualization of the portal 
vein, and hepatopetal collateral circulation 
(Fig. 14) definitely indicates an extrahe- 
patic portal vein obstruction. А spleno- 
portogram with nonfilling of both splenic 
and portal veins but with hepatopetal 
collatera! circulation (Fig. 15) is diagnostic 
of either splenic or portal obstruction or 


B 





Fic. 7. Splenic vein obstruction. (4 and B) There is no visualization of the splenic or portal veins and entirely 
hepatofugal collateral circulation from the short gastric veins toward the left renal vein ard inferior vena 
cava is demonstrated. This is the same tvpe of splenoportogram that is seen in some cases of intrahepatic 


obstruction (Fi. 5, 4, B and C). 
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lic. 8. Extrahepatic portal vein obstruction. The 
splenic vein is patent. The contrast medium by- 
passes the portal vein via a wide collateral vessel 
through the bed of the gallbladder and empties 
into ar intrahepatic portal vein via the patent 
splenic vein. In addition to the hepatopetal col- 
lateral vessel, there are also hepatofugal collateral 
vessels—coronary vein and short gastric veins. 








“тс. 9. Extrahepatic portal vein obstruction. (4 and B) Neither the splenic nor the portal vein Is outlined. 
(С) The extrahepatic location of the obstruction is shown by the hepatopetal collateral circulation through 
which the liver parenchyma is loaded with contrast medium. (D and E) Esophageal varices which are not 
shown on the splenoportogram. 
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Fic. то Extrahepatic portal vein obstruction. The 
splen: vein is v:sualized to about the level of the 
obstriction. Only hepatofugal collateral vessels 
are filed (short zastric veins, coronary vein, infe- 
rior mesenteric vein). 


both. However, any intrahepatic obstruc- 
tion can be ruled out by this type of spleno- 
portogram. 

A splenoportogram with nonfilling of 
the splenic ard portal veins and only 


Fic. 12. Diagram of a splenoportogram indicating 
intrahepatic obstruction (cirrhosis). The main 
types of hepatofugal collateral vessels are de- 
lineated. (K = kidney; L liver; S= spleen.) 


hepatofugal collateral circulation (Fig. 16) 
indicates the presence of an occlusion but 
does not reveal its location. Such a finding 
mav be caused bv a severe intrahepatic ob- 
struction and a reversed flow in the portal 
and splenic veins but may also be caused by 
à portal or splenic obstruction or by а com- 
bination of both. This type of splenoporto- 
gram was observed in less than 10 per cent 
of the cases in the presented material. Fur- 
ther examinations during laparotomy are 
necessary in such cases if severe diagnostic 
errors are to be avoided. 





Fic. 11. Extrahepatic portal and splenic vein obstruction. (4 and А) There is no visualization of the splenic 
and portal veins. Numerous small hepatopetal collateral vessels, difficult to distinguish but predominantly 
emptving in the region of the gallbladder causing filling of intrahepatic portal veins, are seen. 
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liG. 13. Diagram of a splenoportogram ndicating 
extrahepatic splenic vein obstructon. 


lic. r$. Diagram of a splenoportogram indicating 
extrahepatic obstruction (splenic, or portal, or 
both). 





Fic. 14. Diagram of a splenoportogram mdicating 
extrahepatic portal vein obstructien. 


SUMMARY 


With splenoportography, the presence of 
a portal obstruction is demonstrated by the 
filling of collateral vessels which are not 
filled on studies of normal subjects. The 
site of obstruction is indicated by the vis- 
ualized portions of the splenic ard portal 
veins and by the type of collatera circula- 
tion. 

Splenoportograms in cases with verified 
intrahepatic obstruction are shcwn and 
compared with findings in cases with veri- 
fed extrahepatic obstruction. Tle possi- 
bilities of differentiating intrahep: tic from 
extrahepatic obstruction with splenoportog- 
raphy are discussed, as well as th» limita- 
tions of the method. 
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16. 16. Diagram of a splenoportogram which does 
not indicate the site of obstruction (extrahepatic 
or intrahepatic obstruction). 
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RENAL ANGIOGRAPHY IN THE EVALUATION 
OF HYPERTENSION* 


A COMPARATIVE STUDY OF THE VALUE OF RENAL ARTERIOGRAPHY 
AND DIFFERENTIAL RENAL FUNCTION STUDIES 


By ERICH K. LANG, M.D. 


BALTIMORE, MARYLAND 


НЕ medical evaluation and. pharma- 

ceutical treatment of hypertension has 
long presented vexing problems to the 
clinician. Even in the early literature efforts 
to classify hypertension by its associated 
clinical manifestations and its response to 
treatment were made. The importance of 
renal artery stenosis as an etiologic factor 
in one of the subgroups of hypertension was 
first pointed out by Goldblatt eż al. in 
their classic paper on experimental hyper- 
tension produced by partial occlusion of 
the renal artery. Recent advances in vascu- 
lar surgery have focused attention on this 
entity, since hypertension can be alleviated 
by surgical correction of the stenosis or by 
removal of the offending kidnev.!:?.5.2.15.21,2223 
Renal artery stenosis is now being recog- 
nized as a common cause of hypertension. 
It is therefore necessary to define strict 
diagnostic criteria in order to select pa- 
tients amenable to surgical correction.! 
Accurate preoperative anatomic localiza- 
tion of the lesion will, of course, decrease 
the morbidity of the surgical procedure. 
This can best be done by renal arteriog- 
raphv. 

The clinical features of renal hx perten- 
sion are rather variable. The age and sex 
incidence shows a widespread distribution 
with probable predominance in the older 
age group. А familial history and past his- 
tory of associated widespread arterial dis- 
ease may often be elicited. Hypertensive 
retinopathy is commonly encountered in 
longstanding renal hypertension. Labora- 
tory studies for proteinuria, hypokalemia, 
elevation of the blood urea nitrogen level, 


and decreased concentration power of the 
kidney only reflect longstanding and severe 
disease. The only characteristic physical 
finding is a bruit that may be heard over 
the midabdomen, caused by atheromatous 
plaques situated in the renal artery. 

Differential renal function studies are 
the most helpful clinical laboratory exami- 
nations. These tests are based on the ob- 
servation of Mueller e a/.,!° who noted а 
decrease in the urine volume and sodium 
concentration of the kidney with a narrowed 
artery, in comparison to the normal kid- 
ney of the opposite side. Howard and his 
co-workers**:!® substantiated these findings 
and reported similar results in patients 
with proved stenosis of the renal arterv. 
There is also an increased urinary concen- 
tration of inulin, creatinine and PAH re- 
sulting from the increased reabsorption of 
water by the affected kidney.! The diag- 
nostic interpretation of these studies, how- 
ever, relies on a comparison of the urine 
from the normal to that of the abnormal 
kidney. The limitations of these tests are 
self evident. Involvement of both kidneys 
deprives the investigator of the necessary 
comparison to a normal value. Conversely, 
involvement of only a very small segment 
of the kidney may not be reflected by either 
a detectable change in the urinary sodium 
concentration or volume. Furthermore, the 
segment supplied by the stenotic or oc- 
cluded artery may not produce any urine 
at all and thus defy detection by analysis 
of the composite urine collected from this 
side. 

Г?! diodrast uptake studies similarly re- 
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flect renal plasma flow. These studies are 
particularly well suited for the investiga- 
tion of bilateral diffuse arteriolar disease, 
which is characterized by a slow uptake 
curve of radioactive material. 

Renal function studies, while extremely 
helpful in the determination of the type of 
hypertension, fail to anatomically localize 
the lesion; roentgenologic examinations, on 
the other hand, are designed to make such 
location possib-e. 


ROENTGENOLOGIC TECHNIQUES 


One of the classic findings of Goldblatt 


et al. was that of the disparity in the size of 


the nermal and the affected kidney. Usu- 
ally, the size and contour of the kidneys 
can be estimated on plain roentgenograms 
of the abdomen. Intravenous pyelography 
facilitates the task of outlining the kidneys 
and comparing their relative sizes. The 
concentration of the contrast medium in 
the pelvicalyceal system as demonstrated 
on the excretory urogram is not, however, 
an adequate measure of kidney function 
since the concentration of sodium diatri- 
zoate (sodium hypaque) in the kidney 
pelvis parallels that of inulin and the den- 
sity of the medium in the affected kidney 
pelvis may therefore appear increased.*!° 
The most decisive examination is direct 
visualization of the renal arteries. Three 
major techniques have been developed for 
this particular purpose. 

Translumbar aortography has been suc- 


cessfully employed in the demonstration of 


renal arteries for many years.59.11.17,15,21,22,28,25 
Various modifications of this technique 
have been developed so as to improve the 
concentration of the medium and visualiza- 
tion of the renal arteries. Poutasse and 
Dustan? advocate a translumbar double 
needle technique for facilitating а rapid 
injection of contrast medium. One of the 
major shortcomings of the translumbar 
technique is the chance element of mixing, 
which mav occasionally result in a pattern 
of contrast material imitating an obstruc- 
tive arterial lesion. Nonfilling of accessory 
renal arteries arising proximal to the punc- 
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ture site is another common source of error. 
Various catheter techniques have been 
specifically designed to either obtain а 
homogeneous admixture of contrast me- 
dium and blood or to selectively inject each 
renal artery. ^ 5? The “flushing technique" 
utilizes a large lumen catheter with mul- 
tiple side holes, placed considerably above 
the level of the renal arteries to allow 
proper admixture of blood and contrast 
medium (Fig. 4). The catheter may be in- 
troduced via an arterial cut-down of the 
ulnar or femoral artery or via a percutane- 
ous puncture of the femoral artery using the 
Seldinger technique,* which offers the great 
advantage of percutaneous introduction of 
a catheter without cumbersome arteriotomv 
and subsequent repair. Furthermore, the 
puncture site can be readily examined and 
bleeding controlled Ьу external compres- 
sion. Most of the patients reported in this 
serles have been examined with a modified 
Seldinger “flushing technique," which is 
performed in the following manner: After 
adequate local anesthesia is achieved, the 
femoral artery is punctured percutane- 
ouslv.*?* A highly flexible guide wire 15 in- 
serted through the needle and remains in 
the artery after withdrawal of the needle. 
The wire is used as a guide over which a 
radiopaque polyethylene catheter is intro- 
duced into the artery. After removal of the 
guide wire, the catheter is advanced to the 
desired level, usually D-10, under fluoro- 
scopic control. In addition to an end hole, 
the catheter is equipped with multiple side 
holes distributed over a segment of about 2 
inches from its tip. Approximately 35 cc. of 
до per cent sodium diatrizoate (sodium 
hypaque) is then injected under a pressure 
of about 120 pounds per square inch. To 
decrease the viscosity, the medium 15 usu- 
allv prewarmed to 40° C. Serial roentgeno- 
grams are obtained on a Schönander auto- 
matic film changer. An exposure rate of 
two films per second was found to be quite 
adequate to assure proper documentation 
of all structures. For the arterial phase, a 
film coverage of four seconds appears to 
suffice. Several delayed arteriograms dem- 
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onstrating the nephrographic effect are 
desirable and are best obtained three to 
seven seconds after injection." 

Edling and his co-workers?!" pointed 
out that this nephrographic effect is due to 
а combination of contrast medium in the 
capillaries and the excreted medium in the 
tubules. Depending on the phase, either 
the cortex or the pvramids may show par- 
ticularly dense staining. The absence of 
such a nephrographic effect suggests a de- 
crease or absence of blood supplv to the 
respective area.^ The observation of a 
localized decreased nephrographic effect 
may be the only wav by which to diagnose 
impairment of blood flow to one of the 
smaller tributarv arteries (Table 1). 

Ödman” advocates selective engagement 
of the renal arteries with a catheter 
equipped with a specially molded tip. This 
maneuver, similar to the placement of a 
Seldinger catheter, is carried out under 
fluoroscopic control. For selective injections 
an end hole catheter is used and an amount 
of 5-7 cc. of 50 per cent sodium diatrizoate 
suffices for the demonstration of the renal 
artery. Nonfilling of accessory renal arteries 
and the fact that no comparison can be 
made to the normal side are the major dis- 
advantages of this method. 


TABLE I 


FINDINGS IN HYPERTENSIVE PATIENTS EXAMINED 
BY RENAL ARTERIOGRAPH Y 

















Total No. of Patients 54 
Localized Arterial Lesions zo" 
Unilateral localized arterial lesions 

amenable to surgery 16 
Generalized Arteriosclerotic Lesions 14 
Normal Renal Arteriograms ої 





* Included are two false positive arteriograms. Accessory renal 
arteries originating higher in the aorta failed to visualize on the 
first examination but were subsequently demonstrated. 

T Included are two false negative arteriograms. The significant 
stenosis of one of several accessory renal arteries was not ap- 
preciated on the arteriogram. The decreased nephrographic effect 
of the supplied area should have directed attention to it. Surgical 
exploration vielded the correct diagnosis. 
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RESULTS 

The early experience gained in the evalu- 
ation of renal hypertension pointed out the 
necessity of comprehensive medical and 
roentgenologic examinations in this pa- 
tient group. Laboratory studies including 
regitin test, catacholamine levels and dif. 
ferential renal function studies should pre- 
cede renal arteriography in an effort to 
eliminate other causes and establish a tenta- 
tive diagnosis of renal hypertension. 

In our series the final selection of pä- 
tients amenable to surgical correction was 
made on the basis of renal arteriography. 
This method alone allowed a preoperative 
determination of the tvpe of procedure 
most suitable for the particular patient. In 
patients with localized lesions in the main 
renal artery, an endarterectomy was per- 
formed (Table п, and Fig. т and 2). Pa- 
tients with verv extensive disease of the 
main renal artery or peripheral lesions 
were subjected to nephrectomv. In the case 
of a patient with one remaining kidnev, an 
arteriogram showed the proximity of the 


— 


Plaque Ë 
in renal aE 





Fic. 1. The right main renal arterv is narrowed 
by an irregular plaque near its origin. 
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тс. 2. The left renal artery shows marked stenosis 
with post-stenotic dilatation. Note the delay in 
filling of the arcade vessels of the left kidney. 


splenic and diseased renal arterv and con- 
firmed the feasibility of a splenorenal 
anastomosis. 

Renal arteriograms, while usually de- 
finitive, may occasionally lead to an er- 
roneous diagnosis. On 2 occasions accessory 
renal arteries arising proximal trom the 
aorta failed to visualize because of faulty 
low placement of the catheter and imitated 
a complete obstruction of the агтегу sup- 
plying the anterior upper two-thirds of the 
kidnev (Table 1). Normal differential renal 
function studies and a normal 1° diodrast 
uptake curve of the suspected kidnev led to 
re-examination by arteriography and dem- 
onstration of the cause of the error. Renal 
arteriography performed with the translum.- 
bar technique and selective renal artery 
injections is particularly subject to such 
error (Fig. 5). 

Occasionally, a stenosis of one of the 
segmental renal arteries may be missed in 
the interpretation of the arteriograms. 
Careful scrutiny of the delayed roentgeno- 
grams will almost certainly safeguard 
against such an error, since the decreased 
nephrographic effect of the ischemic area 
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tends to be quite obvious. Two patients in 
this series were explored on a basis of 
differential renal function studies suggest- 
ing such a peripheral lesion. Even retro- 
spectively, it was difficult to identify the 
point of arterial obstruction on the arterio- 
gram; however, the delayed roentgeno- 
grams showed a characteristic blanching of 
the afected segment which should have 
implied the correct diagnosis (Table 1). 

An excellent correlation of the functional 
importance of the stenosis and the degree 
of decrease in nephrographic effect was 
noted. One patient appeared to show a sig- 
nificant stenosis of the main renal artery on 
arteriograms, vet the nephrographic effect 
of both normal and abnormal kidney ap- 
peared to be equal. Operative pressure 
readings of the aorta and post-stenotic seg- 
ment of the renal arterv showed no marked 
gradient. Conversely, one patient with a 
rather mild narrowing of the renal artery 
showed a markedly decreased  nephro- 
graphic effect. This observation corre- 
sponded well to a severe post-stenotic pres- 
sure drop of 240 mm. to 40 mm. 





тс. 3. The origin of the left renal artery is markedly 
narrowed. Observe the double contour, indicating 
à partial subintimal injection of contrast medium. 
The catheter tip is in the lumen of the aorta, 
therefore normal appearing transmitted pulsa- 
tions were observed. 


Voi 2 Жа Мо. ^ 





l'1G. 4. An accessory renal artery supplying the lower 
pole arises proximal to the main renal artery. The 
nephrographic effect of the right kidney is de- 
creased. The lower pole of the right kidney has 
been resected. 


Generalized arteriolosclerotic disease also 
shows a markedly decreased nephrographic 
ettect. The diagnostic characteristic of this 
entity, however, is the peculiar hold-up of 
contrast medium in the arcade vessels. In 2 
proved cases the contrast material was ob- 
served to hang in these vessels for seven 
seconds (Table и). 

Ап attempted correlation of the size of 
the kidnev to the degree of arterial obstruc- 
tion was disappointing. Onlv 25 per cent of 
all patients with proved renal artery lesions 
showed a noticeable disparity in kidney 
size on the excretory urogram. Їп 75 per 
cent of the cases, the intravenous pvelogram 
failed to reveal any abnormality of the af- 
tected kidney (Table 11). 

A review of the arteriograms showed 30 
of ¢4 patients to have localized arterial 


ir 


lesions (Table т). However, only 16 patients 
had unilateral disease. All of the operated 
II patients showed excellent response and a 
significant drop of blood pressure. Particu- 
larly 3 patients in the younger age group 
showed a verv dramatic return to normo- 
tension almost immediately after surgery 
(Table 11). Lesions in the main renal artery 
appeared to be more easily corrected than 
the more peripheral lesions and showed a 
uniformly prompt response. A longstanding 
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history of hypertension appeared to Бе no 
contraindication to arteriography or opera- 
tive procedure. Patients with bilateral le- 
sions or generalized arteriolosclerotic dis- 
ease were treated with sympathectomy or 
put on a medical regimen. 

Properly performed, modified Seldinger 
arteriography has a low percentage of 
morbidity. However, particular care has to 
be exercised to withdraw the guide wire 
immediately after the catheter has been 
introduced into the artery. Simultaneous 
advancing of the guide wire reinforced by 
the catheter may have deleterious effects. 
The guide wire is then sufficiently stiff to 
pertorate the aorta or to dissect subinti- 
mally. Free arterial pulsations transmitted 
through the catheter do not guarantee 
that the entire length of the catheter is 
within the lumen of the aorta. The pulsa- 
tions may be transmitted via only one of 
the openings of the catheter communicating 
with the aorta. In several of the earlier at- 


vm 


lic. 5. Traaslumbar aortogram. There is an hour- 
glass stenesis of the origin of the artery supplying 
the left lower kidney pole. Note the unsatis- 
factory demonstration of the most proximal artery 
by this technique. 
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Taste ШІ 
COMPLICATIONS 
Total No. of Cases MEM 54 | 
Е Subintinial Injections 6* 
Posten at Puncture Site О 4 


* One patient showed transient drop of hematocrit. 


tempts, subintimal injections of contrast 
medium resulted from failure to complv 
with these precautions (Fig. 3). None of 
these subintimal injections, however, 
caused serious complications. Only one of 
the patients showed a transitory drop of 
the hematocrit which became stabilized 
after forty-eight hours without treatment 


(Table ти). 


SUMMARY 


The experience in 54 hypertensive pa- 
tients examined by renal arteriography 
with a modified Seldinger “flushing tech- 
nique" 15 reported. Excretory urograms 
may show increased contrast medium con- 
centration in the pelvis of the affeeted kid- 
ney secondary to increased water reabsorp- 
tion by the affected kidney. The sive of the 
kidney on excretory urograms or on plain 
roentgenograms of the abdomen shows 
poor correlation to the disease. The impor- 
tance of high placement of the catheter tip 
to allow proper admixture of the contrast 
medium and visualization of all accessory 
renal arteries is emphasized. The decreased 
nephrographic effect of a small segment 15 
an important sign of ischemia of this area. 
The decrease of nephrographic effect of the 
affected kidney showed an excellent correla- 
tion to the blood pressure gradient across 
the stenosis. Pulsatile pressure transmitted 
through the catheter does not guarantee 
that there has not been partial subintimal 
dissection or perforation with the catheter 
tip. Gentle handling during the advancing 
of the catheter with complete withdrawal 
of the guide wire is mandatory. 
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DIAGNOSIS OF CEREBRAL ATROPHY FROM THE 
ANTEROPOSTERIOR CAROTID PHLEBOGRAM 


By A. D. SEARS, M.D., J. Е. 


MILLER, M.D., and В. В. KILGORE, M.D. 


DALLAS, TEXAS 


ADIOLOGISTS are not generally aware 
that diffuse cerebral atrophy can be 
diagnosed with reasonable certainty from 
carotid angiograms, provided the deep 
cerebral veins are well opacified. Refer- 
ences to arterial and venous alterations in 
mass lesions and other obstructive phe- 
nomena producing dilated ventricles are 
abundant but references to the appearance 
of the deep cerebral veins in brain atrophy 
are scant. 

The recognition of venous alterations 
indicating cerebral atrophy is important 
because of the meteoric rise in the number 
of cerebral angiographies performed for 
carotid artery disease. The ability to diag- 
nose cerebral atrophy further extends the 
usefulness of angiography since the recogni- 
tion of either or both of these disease proc- 
esses will make unnecessary untold num- 
bers of air studies on aged patients who 
might suffer financial and physical hard- 
ship by undergoing multiple diagnostic 
procedures. The frequent association of 
these two diseases, as noted by Keirns and 
Whiteleather,! is apparently more than 
coincidental and later studies may well 
show carotid insufficiency to be a major 
factor in producing cerebral atrophy in the 
older patient. 

TECHNIQUE 

Biplane angiography is performed in our 
department on Schónander units. A needle 
Is inserted percutaneously in each common 
carotid artery below the carotid bifurca- 
tion and successive injections of 0-15 cc. 
of 50 per cent hypaque are made, pausing 
only to change magazines between injec- 
tions (four magazines being used for the 
entire procedure). The number of angio- 
grams taken in each plane varies with the 
neurosurgeon. Ап average of five films in 


each plane are usually exposed per side for 
a total of twenty films. 


ANATOMY 

The znatomy of the deep cerebral veins 
has been well described bv numerous au- 
thors. The line drawings published by 
Wolf ez a/5 of the normal deep venous 
channels and their altered appearance with 
variations in positioning are helpful (Fig. 1). 
Briefly, referring to Figure 1, the “venous 
angle" which approximates the foramen of 
Munro 1s situated at the junction of the 
vein of the septum pellucidum (S.V.) and 
the thalamostriate vein (T.S.) with the 
internal cerebral vein (I.C.V.). Manifold 
variations between these veins and those of 
the caudate nucleus occur. The thalamo- 
striate and caudate veins (C.V.) are re- 
sponsible for the definition of the outer 
wall of the lateral ventricle in its central 
portion overlying the thalamus. The in- 
ternal cerebral veins, roughly 2 mm. from 
the midline on each side, course posteriorly 
in the tela choroidea above the third ven- 
tricle. These veins, seen on end, constitute 
the “headlight,” a sensitive indicator of 
mass lesions in the anterior half of the 
brain. These veins join with the basal veins 
(B.V.R.) on either side to form the midline 
vein of Galen which delineates the splenium 
of the corpus callosum in coursing upward 
to enter the straight sinus. 

Several variations in the appearance of 
the thalamostriate and caudate veins rela- 
tive to the venous angle have also been de- 
scribed.** These are of importance in the 
accurate analysis of small adjacent neo- 
plasms but are of no significance in the 
diagnosis of atrophy, since delineation of 
the size of the lateral ventricle is less exact- 
ing. 

DISCUSSION 

In order to diagnose diffuse cerebral 

atrophy, one must be able to recognize 


ventricular dilatation. For this purpose we, 
unlike others,? depend on the anteroposte- 
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rior half axial phlebogram rather than the 
lateral view. 

In Figure 2.42, tracings demonstrate that, 
in normal cases, there 1s a characteristic 
medially directed convexity to the thalamo- 
striate vein as It courses anteriorlv and 
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medially over the thalamus to join the in- 
ternal cerebral vein. Air studies on both 
normal and abnormal cases are dotted in 
for comparison. Those cases without air 
studies are included because thev are so 
tvpical of their category. One will readily 





_.. B. Schlesinger 


lic. т. Line drawings of the deep cerebral veins in anteroposterior projections with different head tilts. 


Transverse lines connect the same reference points on the lateral views. (By permission of Radiology.*) 
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lic. 2. Demonstration of the close correlation between the thalamostriate vein and the ventricular outline 
laterally in the anteroposterior projection. (4, 1-9) Tracings cf normal phlebograms with (dotted lines) 
and without associated air studies. (В, 1-7) Tracings of abnormal phlebograms with (dotted lines) and 
without associ: ted air studies showing various degrees of atrophy. Those without air studies are included 


because they are considered typical. 





4) Abnormal pneumoencephalogram and (B) phlebogram on the same patient showing dilated lat- 


Fic. 4. C 
sal ventricles. (C and D) Phlebograms showing equally abnermal venous alterations. Air studies were 


iot done on these 2 patients. In B, C and D, right and left injection phlebograms were split and joined 


-o demonstrate the "short horn" appearance in atrophy. 


Р ШЕРУ. 


lic. 3. (4) Normal pneumoencephalogram and (B) phlebogram on the same patient. Arrows indicate the 
thalamostriate vein, corresponding to the outer wall of the lateral ventricle. (There was an incidental 


inding of a cvst in the septum pellucidum.) 
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Kia. 5. (апа B) Pneumoencephalograms showing dilatation of the ventricles. (C and D) Arterial and venous 
changes indicating that the dilated ventricles are due to increased pressure. Note the stretched and 
"streaming" appearance of the arteries in C. (The veins in D have been retouched.) 


note that, in the cases of atrophv (Fig. 
2B), the curve of the thalamostriate vein is 
greatly widened and is reversed from that 
of the normal cases, being convex laterally. 
This results from the enlargement of the 
lateral ventricles due to loss of brain sub- 
stance and flattening of the normally curv- 
ing surfaces of the basal ganglia and thala- 
mus. 

A normal pneumoencephalogram and 
phlebogram on the same patient show an 
excellent correlation of ventricular size to 
the deep venous structures (Fig. 3,.7 and В). 

In many instances, we have also been 


impressed by the clarity with which the 
lateral ventricles stand out as negative 
shadows against the opacified brain sub- 
stance during the capillary phase, or on the 
"cerebrogram." This is especially notice- 
able with 12-15 cc. injections of hypaque. 
On occasion, this mav be useful when the 
full phlebogram is not obtained for some 
technical reason. With practice, the exclu- 
sion of ventricular dilatation becomes easier 
than its recognition. 

Roentgen studies of 3 cases of atrophy 
(Fig. 4, 4-D), one accompanied by an air 
study, demonstrate the typical abnormal 
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appearance of the thalamostriate уеп 
shown diagrammatically in Figure 25. It is 
interesting to note that, by combining 
split phlebograms of the venous phases on 
the injected sides, there is a startling re- 
semblance to a pair of short horns. Mod- 
erate to severe atrophy may be suggested 
when this appearance Is present. 

One must distinguish between dilated 
lateral ventricles due to increased intra- 
cranial pressure as opposed to atrophv. 
This is easily done by studying the arterial 
phase, which will show stretched and com- 
pressed arteries when the dilatation is due 
to pressure (Fig. 5, C-D). The lenticulo- 
striate arteries also show lateral stretching, 
whereas little f any deformity of these 
arteries is apparent in atrophy. In some 
instances of atrophy, the major arteries, 
conversely, тау present a sagged appear- 
ance. 

We have been unable to obtain as close 
correlation between a large group of angio- 
grams and air studies as we would have 
liked because of the understandable re- 
luctance of the neurosurgeon to perform 
multiple diagnostic procedures once ab- 
normalities amenable to surgery have been 
excluded. It is hoped that others may am. 
plify our impression of the usefulness of 
carotid angiography in the diagnosis of 
cerebral atrophy. 


CONCLUSIONS 


1. Enlargment of the lateral ventricles 
accompanving cerebral atrophy сап be 
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easily distinguished on the anteroposterior 
carotid phlebogram. 

2. Recognition of this possibility further 
extends the usefulness of cerebral angiog- 
raphy and may effect an appreciable de- 
crease in the number of difficult diagnostic 
procedures on aged, infirm, and economic- 
ally handicapped patients. 


A. D. Sears, M.D. 

Department of Radiology 

Baylor University Medical Center 
3500 Gaston Avenue 

Dallas, Texas 
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ROENTGENOLOGIC IDENTIFICATION OF A LEFT 
CEREBELLAR HEMANGIOBLASTOMA BY MEANS 
OF RIGHT CAROTID ANGIOGRAPHY* 


By BERNARD S. EPSTEIN, M.D. 


NEW HYDE PARK, NEW YORK 


EREBELLAR tumors often mav beac- 

curately identified on vertebral angio- 
grams. However, the demonstration of such 
a neoplasm by carotid angiography done 
on the contralateral side is uncommon. The 
case reported here correlates an anatomic 
variation in the circle of Willis and passage 
of contrast medium from the right carotid 
artery into the left superior cerebellar 
arterv. 


REPORT OF A CASE 


H.]., a fifty-one vear old man, had com- 
plained of occipital headaches unrelieved by 
aspirin of three months’ duration, anorexia 
followed by projectile vomiting, and some dif- 
ficulty in walking which had become a stag- 
gering gait, broad-based during the past month. 
A brief fainting episode occurred about one 
month before admission. Weakness in the right 
leg was noted two weeks later. On several oc- 
casions he had lost his equilibrium, falling 
towards the left side. A feeling of thickness of 
the tongue and occasional difficulty im speaking 
was noted. He had lost 30 pounds since the on- 
set of his illness. There were no convulsive 
episodes, visual loss, tinnitus or personality 
changes. 

On physical examination the patient was 
somewhat lethargic. Bilateral papilledema, 
fundal hemorrhages and venous engorgement 
were present. No proprioceptive or vibratory 
sense changes were noted. The heel то toe and 
hnger to nose tests were normal. The Romberg 
sign was negative. Some adiadochok:nesis was 
noted in the left hand. The cerebrospinal fluid 
examination was not remarkable. 

Electroencephalographic examination was re- 
ported as abnormal, with severe diduse dys- 
function and focal accentuation at the right 
parieto-occipital area. 

Plain roentgenograms of the skull showed no 
bony defects in the vault. The sella turcica was 


normal in size, with definite demineralization 
of its dorsum. The pineal body was not dis- 
placed from its usual position in the frontal or 
lateral projections. 

Right lateral percutaneous cerebral angiog- 
raphy, with 12 exposures over six seconds, 
after injection of 8 cc. of £o per cent hypaque, 
revealed the anterior cerebral artery to be mod- 
erately elevated (Fig. 1,7). The middle cerebral 
vessels were not displaced. The posterior cere- 
bral and the superior cerebellar arteries filled 
well by way of a large anomalous trunk from the 
upper portion of the carotid system. Some con- 
trast medium refluxed down into the basilar 
artery for a distance of approximately 2 cm. on 
the first two angiograms in the series. The basi- 
lar artery was in close approximation to the 
demineralized dorsum  sellae. The venous 
phases disclosed a small hypaque stain deep in 
the posterior fossa approximately at the level 
of the internal auditory meatus at a point 5.5 
cm. from the clivus (Fig. 1B), 

On a similar examination, the anteroposterior 
projection with the head in the Chamberlain- 
Towne position, the anterior cerebral and mid- 
dle cerebral vessels were normal. Both posterior 
cerebral arteries filled simultaneously (Fig. 1С). 
During the venous phase a tumor stain about 
I.5 cm. in diameter became evident in the left 
posterior fossa about 3.5 cm. from the midline 
(Fig. 1D). 

Left percutaneous cerebral angiography 
showed the left carotid svphon to be normal 
(Fig. тА). The anterior cerebral artery was 
bowed upward. The left middle cerebral artery 
was normal. Inasmuch as the contrast material 
did not enter the left posterior cerebral vessels, 
the tumor stain was not present on this ex- 
amination. 

Because of the electroencephalographic dem- 
onstration of a right parieto-occipital focus, 
lumbar pneumoencephalography was done. A 
small amount of air entered the lateral ven- 
tricle. The cisterna pontis was narrowed, meas- 


* From the Department of Radiology, The Long Island Jewish Hospital, New Hyde Park, New York. 
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FIG, 


1. (4) Percutaneous right cerebral angiogram 
demonstrating 1 large anomalous vessel emerging 
from the syphon and supplying both posterior 
cerebral and superior cerebellar arteries. Several 
small vessels can be seen directed towards the 


superior aspect of the cerebellum. (В) Late 
venous phase cf the same carotid angiography. A 
tumor stain caa be identified behind the mastoid 
bone. The stam is roughly ovoid in appearance 
and measures 1.5 ТІ cm. 


uring about 0.3 mm. The fourth ventricle was 
poorly filled. The proximal portion of the 
aqueduct of Sylvius was sharply angulated an- 
teriorly. After 25 cc. of air had been injected, 
the patient had a generalized seizure. It was the 
opinion of the neurologic surgeon that the 
amount of gas was insufficient, and ventriculog- 
raphy was performed the same day. This re- 
vealed symmetric and rather prominent dilata- 
tion of the lateral ventricles, with no displace- 
ment of these structures from the midline. 
There was a sl ght shift of the third ventricle 
to the right, together with upward displace- 
ment of its posteroinferior portion. The proxi- 
mal portion of the aqueduct of Sylvius, visible 
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for a distance of about 1.5 cm., was angulated 
anteriorly. The lowermost portion of the aque- 
duct and the fourth ventricle were not seen. No 
evidence of downward displacement of the 
cerebellar tonsils could be identified in the air- 
filled cisterna magna or upper cervical spinal 
canal. 

These observations were regarded as indica- 
tive of a tumor high in the left cerebellum close 
to the midline. 

The patient appeared to be quite stable after 
pneumoencephalography and his blood pres- 
sure was normal. Only a slight degree of undue 
restlessness was noted bv the night nurse. How- 
ever, about ten hours after ventriculography 


Fic. 1. (C) 


cerebral 


Anteroposterior right percutaneous 
angiogram. Both posterior cerebral 
arteries are well opacified. These are situated to 
either side of the anterior cerebra! artery, which 
is in its normal midline position. The middle 
cerebral artery likewise is within normal limits. 
(D) Late venous phase of the same right carotid 
angiogpiy. A tumor stain about 1.5 cm. in di- 
ameter can be seen above the petrous pyramid on 
the left side. 
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(E) Left percutaneous cerebral :ngiogram 
shows no displacement of the anterior or middle 
cerebral arteries. The posterior cerebral artery on 
the left side is not filled. (F) Specimea of cere- 
bellum with left cerebral hemisphere sectioned. A 
cystic tumor was cut through and the nodule of 
hemangioblastoma is identified as the dark struc- 
ture in the middle of the reflected port on of the 
superior aspect of the left cerebellum. 


the patient expired quite suddenly. 

Postmortem examination was performed. 
The brain, after fixation, weighed 1.500 gm. 
The external surface was not remarkab e except 
for burr hole defects about a centimeter in di- 
ameter over the occipital poles. The cerebral 
hemispheres were well developed amd sym- 
metric, with some swelling of the gyri «nd iron- 
ing out of the sulci bilaterally. At the base there 
was evidence of traumatic removal of tae brain, 
most of the vessels forming the circle of Willis 
having been disrupted. The pons and medulla 
were distorted by swelling, and the basilar 


Bernard S. Epstein 





JUNE, 1961 


artery appeared to be deeply imbedded in the 
pontine substance. Over the superior pole of the 
left cerebellar hemisphere, which was some- 
what larger than the right, an opaque, vellow- 
gray, firm nodule approximately 1 cm. in di- 
ameter was visible and palpable. Multiple 
frontal sections through the cerebral hemi- 
spheres showed no parenchymal lesions. The 
ventricles were moderately dilated with blunt- 
ing of the lateral angles. The aqueduct ap- 
peared to be somewhat flattened. Sections 
through the cerebellum revealed an empty 
cystic space approximately 4 to 5 cm. in di- 
ameter which surrounded the nodule previously 
described in the left hemisphere (Fig. 17). Its 
lining was poorly defined and had an opaque 
pale yellow discoloration. On section, the nodule 
itself was gray-brown in color and approxi- 
mately 1.5 cm. in diameter. The medulla ap- 
peared voluminous, with obliteration of the sur- 
face markings suggesting some medullary swell- 
ing. There was no significant moulding of the 
cerebellar tonsils, nor was there any evidence of 
uncal herniation. 

Histologic examination of the tumor dis- 
closed a hemangioblastoma. 


COMMENT 

Inasmuch as the circle of Willis is the 
main distributing center for the blood sup- 
plv to the brain, variations in its structure 
have an important influence on cerebral 
angiography,’ as well as profound clinical 
significance in problems involving the de- 
velopment of collateral circulation. The 
relatively constant filling of the anterior 
cerebral vessels accounts for the frequency 
of roentgenologic identification of anatomic 
variations in these structures. However, the 
posterior communicating and posterior cer- 
ebral arteries are not visualized as often, 
and therefore the demonstration of their 
various anomalies is less frequent. Saltz- 
тапп* noted that the incidence of filling of 
the posterior cerebral arteries is somewhat 
greater when rapid serial angiographv is 
done, preferably with injection into the 
internal carotid artery. In his experience 
the posterior cerebral arteries were seen in 
about 41 per cent of patients with injection 
into the internal carotid artery, as com- 
pared with about 25 per cent with common 





carotid injections. The duration of visabil- 
ity of these vessels was variable, often being 
limited to the ttme when the contrast ma- 
terial was present in the syphon. The in- 
fluence of the relative diameters of the 
postericr cerebral and posterior communi- 
cating arteries in maintaining such opaci- 
fication was considered significant. 
Recently, Alpers, Berry and Paddison? 
reviewed 350 normal brains and found that 
only 183 had the usually described sym- 
metric polygonal pattern. Embryonic origin 
of the posterior cerebral artery from the 
interna! carotic artery was encountered in 
14.6 per cent of the circles. The most fre- 
quent anomaly was a filiform structure of 
one of the component vessels of the circle, 
involving most often one or both posterior 
communicating arteries, as occurred 1л 27.4 
per cent of the circles. Multiple anomalies 
were found in 13.4 per cent of this series. 
The roentgenologic diagnostic signifi- 
cance of variations in the posterior portion 
of the circle of Willis is emphasized bv the 
present patient, in whom blood from the 
right internal carotid artery reached a 
tumor in the left cerebellar hemisphere by 
way of an unusually large right posterior 
cerebral artery which originated from the 
carotid syphor. This permitted filling of 
both posterior cerebral and superior cere- 
bellar arteries. The opacified nodule in the 
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hemangioblastoma was best seen in the 
arteriovenous and venous phases. А contra- 
lateral left carotid angiogram failed to 
demonstrate the left posterior cerebral 
artery. 


CONCLUSION 


A patient is reported in whom a left 
superior cerebellar hemangioblastoma was 
visualized during right percutaneous carot- 
id angiography. This occurred because of 
an anomaly in the circle of Willis in which 
a large arterv arose from the carotid sy phon 
and permitted access to both posterior cer- 
ebral and superior cerebellar arteries. 


The Long Island Jewish Hospital 
270-05 76th Avenue 
New Hyde Park, Long Island, New York 
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TECHNIQUE OF INTRAVENOUS CAROTID AND 
VERTEBRAL ARTERIOGRAPHY* 


By ISRAEL STEINBERG, M.D., and JOHN A. EVANS, M.D. 


NEW YORK, NEW YORK 


HE origins of the brachiocephalic 

arteries in the aortic arch have been 
visualized ever since intravenous angio- 
cardiography was first described. The 
recent modification of the Robb-Steinberg 
method, by which simultaneous and bi- 
lateral injections of concentrated organic 
iodides are made, has increased the bolus 
effect of the contrast agents and enhanced 
opacification of the entire aorta and its 
branches (brachiocephalic arteries, ab- 
dominal aortic and peripheral arterial 
tree)." By utilizing the same principles ap- 
plied in these studies and by properly posi- 
tioning the patient, visualization of the 
carotid-vertebral arterial circulations from 
their origins in the aortic arch to where they 
pierce the skull has been accomplished after 
intravenous injections. 

The need for carotid and vertebral ar- 
teriography for the diagnosis and treat- 
ment of cerebral circulatory insufficiency 
has become quite evident judging from the 
reports of DeBakey and his co-workers?-* 
and others.!i Indeed, several new meth- 
ods for subclavian and carotid arteriogra- 
phy by direct arterial puncture or retro- 
grade catheterization have been recently 
reported." *.? [t would appear that an 
intravenous method of carotid-vertebral 
arteriography, particularly one that can be 
performed in the average, albeit well- 
equipped radiology department, might offer 
many advantages over the direct or retro- 
grade multiple arterial puncture methods 
which are now required for the visualization 
of both vertebral and carotid arteries. For 
this reason, a technique of intravenous 
carotid and vertebral arteriography 15 
herein described. It offers a simplified 
method for visualization of these vessels 


and, therebv, enhances diagnosis and 
treatment of cerebral arterial insufficiency. 
TECHNIQUE 

With the patient supine, special 12 
gauge Robb-Steinberg needle stopcock 
units (made by Becton, Dickinson Com- 
pany, Rutherford, New Jersey) are in- 
serted either percutaneously or by cut- 
down into large veins in the arms (Fig. 
1) ^?! “Through a cannula introduced in 
the arm, the modified circulation time 15 
determined bv injecting 3 cc. of 20 per cent 
sodium dehvdrocholate (decholin) mixed 
with 1¢ cc. normal saline in the zo cc. 
Robb-Steinberg 12 gauge syringe. In the 
very ill, unconscious or uncooperative pa- 
tient, an objective, preliminarv, modified 
circulation time can be determined bv 
using I cc. of a 20 per cent aqueous solu- 
tion of sodium succinate mixed with 14 cc. 
normal saline. An upward movement of the 
cricoid cartilage is the endpoint.!? 

If automatic serial roentgenographic ap- 
paratus is not available, a single roentgeno- 
gram of the carotid-vertebral arteries can 
be obtained by making a one or two second 
roentgen exposure at the time of the pre- 
determined decholin circulation. Figure 2 
shows the position of the recumbent pa- 
tient. The neck is outstretched and the 
collimated tube 1s centered over the neck. 
Rapid simultaneous bilateral injections are 
made during inspiration and the breath is 
held during the period of the exposure of 
the roentgenogram. The patient must be 
cautioned not to breathe in too deeplv or to 
"bear down” during inspiration when the 
arms are being injected with contrast ma- 
terial. This will avoid the Valsalva ma- 
neuver, which prevents blood flow into the 


* From the Departments of Radiology and Medicine, The New York Hospital—Cornell Medical Center, New York, New York. 
Aided by a grant (U-1084) from the Health Research Council of the City of New York. 
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тс. 1. Photograph showing the frontal position for 

intravemous carotid-vertebral arteriography with 
roentgenographv. The patient is supine 
with the head and neck on the roll-film magazine. 
Arrows point to the special cannulas in the ante- 
cubital veins wh:ch were inserted percutaneously 
and secured with adhesive tape. 


serial 


superior vena cava. Another way to cir- 
cumvenc the Valsalva experiment is to 
have the patient breathe normally imme- 
diately after the injection is completed and 
then to hold hts breath just prior to the 
time the roentgen exposures are made. If a 
serial rcentgencgraphic apparatus such as 
Е-Х-К roll film magazine (Fig. 1)" is avail- 
able, several rcentgenograms at intervals 
of one to three per second may be made. 
In such instances and in order to make cer- 
tain that roentgenograms with optimum 
opacification of the great arteries are se- 
cured, the exposures may begin three sec- 
onds before and end three seconds after the 
predetermined decholin circulation time. 
Multiple roentzenograms, varying from 
one to three per second, may be taken dur- 
ing the 31x second interval. In cooperative 
patients the erect sitting position with the 
patient's head against the cassette (Fig. 3, 
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A and В) or against the rapid serial roent- 
genographic apparatus (Fig. 4) 1s advised. 
Here, too, roentgenograms made serially 
beginning three seconds before and continu- 
ing for three seconds after the predicted 
circulation time will prove satisfactory. 

The intravenous method of carotid and 
vertebral arteriography is based upon the 
principles which have been developed for 
angiocardiography. 15:17:20.1 Speed of in- 
jection of the contrast material is essential 
and this is accomplished by simultaneously 
injecting the large veins of both arms. This 
eliminates the factor of dilution of the con- 
trast medium by blood from the opposite 
innominate vein, which results when only 
one injection is made, and, of course, in- 
the bolus effect of the contrast 
agent into the circulation. Speed of injec- 
tion is also facilitated by elevating the arms 
and having the patient perform respiratory 
maneuvers. 

The percutaneous insertion of the 12 
gauge Robb-Steinberg needle stopcock unit 
has been described previously.* In the 


creases 





Fic. 2. Photograph showing the details of the frontal 
position for intravenous carotid-vertebral arteriog- 
raphy. The patient is supine with the neck ex- 
tended and the collimated tube centered equidis- 
tant between the chin and clavicles. 
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Fic. 3. (4) Photograph showing the erect sitting 
position for frontal (anteroposterior) view of the 
brachiocephalic arteries. The patient's head and 
neck are against the stereo cassette (Bucky grid) 
changer. Note the elevation of the arms of the 
patient, the raised position of the injectors, and 
the alignment of the syringe and needle stopcock 
with the direction of the arm veins. (B) Close-up 
view of the frontal position for single film in- 
travenous carotid-vertebral arteriography. 


absence of a large vein, it may be necessary 
to perform a cut-down for insertion of the 
needle. The position of the needle stop- 
cock 1s then secured by adhesive tape. To 
make certain that the cannula is properly 
seated in the vein, an injection of normal 
saline to safeguard against extravasation 
is advisable. The patient is then briefed 
about the technique of the examination 
and is instructed about breathing during 
the examination. 

The determination of the preliminary 
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circulation time with the patient supine 
will serve as a good rehearsal of the pa- 
tient’s participation in the test. Sodium 
dehvdrocholate (decholin), 3 cc., is mixed 
with 12 cc. normal saline in a 50 cc. syringe 
and attached to one of the cannulas. The 
arm is then elevated, making certain that it 
is relaxed at the shoulder. (This avoids 
phvsiologic obstruction of the subclavian 
vein underneath the first rib.) The stopcock 
is then opened and the patient is in- 
structed to "breathe out” gently. Then he 
is asked to “breathe in," making certain 
that only a moderate breath is taken, for it 
is Important to avoid the Valsalva maneu- 
ver which tends to delay circulation into 
the heart. Injection of the decholin-saline 
mixture 1s made simultaneously with the 
direction to "breathe in." This also is the 
signal for the assistant to start the stop- 
watch. Once the injection is completed, 
the patient, having been told to anticipate 
a bitter taste, is urged to go through the 
motion of tasting by smacking his lips, 
tongue and mouth. This automatically re- 
leases the tendency to perform the Valsalva 
maneuver. The onset of the bitter taste is 
then recorded by stop-watch. The modified 
circulation time from arm to tongue is used 
as a guide for the starting time of the 
roentgen exposure for visualizing the carot- 
id-vertebral arterial system. If the accur- 
acy of this determination is uncertain, a re- 
peat circulation time study is done. 

The patient is told to anticipate an in- 
tense wave of heat soon after injection of 
the contrast medium and is assured that it 
will quickly pass. All is then ready for the 
arteriographic study. The special Robb- 
Steinberg syringes are loaded with con- 
centrated organic iodide contrast material, 
the amount depending on the weight of the 
patient. А dose of т ml. per kg. of body 
weight divided equally for injection into 
each arm is advised. Up to zo ml. in each 
arm may be necessary for obese patients 
weighing over 200 pounds. The syringes 
are then attached to the cannulas and the 
stopcock is opened. Two physicians stand- 
ing on a platform, one on each side of the 








ic. 4. Photograph showing the position of the pa- 
tient for frontal (anteroposterior) serial intra- 
venous carotid-vertebral arteriography. Note the 
band over the thorax which secures the patient to 
the automatic roll-film magazine (arrow). 


patient (Fig. 3.7; and 4), begin the simul 
taneous injection into the elevated arms. 
At the signal, "breathe in,” the technician 
starts the stop-watch. The injections are 
made rapidly and completed in one and 
one-half to two seconds. Because of the 
viscidity of some of the concentrated con- 
trast agents, this may be dithcult unless 
the mixture is warm. The patient is then 
told to "breathe naturally.” Two or three 
seconds prior to the selected exposure time, 
the patient is asked to "stop breathing." 
Carotid-vertebral arteriograms are then 
taken while the patient holds his breath. 
If, after inspection, these prove satisfac- 
torv, the cannulas may be removed and a 
tight temporary bandage applied. There 
should be no hesitancy in repeating the in- 
jection after a short interval if the patient 
has tolerated the procedure well. 


RESULTS 


Forty-two patients have had carotid- 
vertebral arteriography with the intrave- 
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nous technique. At the beginning, multiple 
serial roentgenograms were made using the 
rol-film cassette! with the patient in a 
supine position (Fig. 1) and proved satis- 
factorv. Later, a single roentgenogram, ex- 
posed for a duration of one to two seconds, 
was tried. This required a. Bucky-Potter 
diaphragm and several layers of aluminum 
filter to overcome the discrepancies be- 
tween the thickness of the neck and thorax. 
Figures $ and 6 showing buckling of the in- 
nominate and left common carotid arter- 





Single film intravenous frontal carotid- 


Ras. 3. 
vertebral arteriography in a sixty-two year old 


woman in a supine position showing buckling of 
the innominate artery (arrow) due to hyperten- 
sion and arteriosclerosis. The upper thorax meas- 
ured 15 cm., the weight was 75 kg., and the 
decholin circulation time nine seconds. A 
Bucky-Potter diaphragm was used with 5o ma. 
and an exposure time of two seconds with 58 kv. 
peak. The film was exposed for a duration of two 


Was 


seconds, beginning at eight seconds and ending at 
ten seconds after the beginning of the bilateral 
simultaneous injection of 37.5 ml. concentrated 
contrast medium into each arm. The distance of 
the tube to the table top was 40 inches. 
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“тс. 6. Single film, frontal intravenous carotid- 
vertebral arteriography in a sixty-six year old 
woman showing buckling of the innominate and 
left common carotid artery due to hypertension 
and arteriosclerosis. The patient weighed 77 Ке, 
the thickness of the upper thorax was 14 cm., 
and the decholin circulation time was twelve sec- 
onds. The roentgen exposure was started at eleven 
seconds and ended at thirteen seconds after the 
beginning of injection of 38 ml. concentrated con- 
trast agent, into each arm. The Bucky-Potter grid 
was used, the milliamperage was £o and the ex- 
posure time two seconds at 56 kv. peak. The 
distance of the tube to the table top was 4o 
inches. 


ies? are examples of this technique. In co- 
operative patients, highly satisfactory 
roentgenograms were also obtained when 
they were injected while seated in the erect 
position with the neck and upper thorax 
against a cassette containing film (Fig. 34 
and 4). Frontal studies of the carotid verte- 
bral arterial system were equally good when 
the patient faced the film (anteroposterior 
position) or when the head and neck were 
against the cassette (posteroanterior posi- 
tion). Because of overlapping shadows of 
the brachiocephalic arteries, especially the 
origins of the vertebral arteries, oblique 
studies were found to be necessary. These 
also permitted better visualization of the 
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carotid arteries beyond their bifurcation 
into the external and internal branches 
(Fig. 7). The most satisfactory arteriogram 
resulted when the patient was placed in the 
seated, right posterior oblique position with 
the head, neck and upper thorax against 
the serial roentgenographic device. 
DISCUSSION 

In order to perform carotid and verte- 
bral arteriography via the intravenous 
route, meticulous attention to the details 
of the Robb-Steinberg method of angio- 
cardiography is advised.*: 11729?! The spe. 
cial 12 gauge cannulas and syringes are 
essential for speed of injection of the con- 
centrated organic iodides. The bilateral, 
simultaneous injections allow the contrast 
agent to enter and emerge from the cardio- 
vascular system as a bolus, thereby re- 
sulting in excellent opacification of the 
aorta and its branches.?! 

The commercially available concentrated 
contrast agents (ditriokon, hvpaque до per 
cent and cardiografin) are well tolerated 
intravenously in the dosage of 1 ml. per 
kg. of bodv weight even when divided 
equally for injection into each arm. The 
usual reaction to the simultaneous double 
injection 1s mild and transient and much 
like that of angiocardiography with a single 
injection, except that there is a more in- 
tense flish and a greater wave of heat from 
head to toes. In over 350 consecutive pa- 
tients receiving bilateral simultaneous in- 
travenous injection, most of them for ab- 
dominal aortography and peripheral arteri- 
ography, there were 1 fatality and 2 severe 
reactions. One patient developed circum- 
oral pallor and orbital edema at the conclu- 
sion of a single bilateral injection; antihista- 
mine therapy quickly alleviated the symp- 
toms. The other patient developed mild 
hypotension, fever and leukocytosis for a 
period of six hours following three double 
injections. The fatality occurred in a 
seventy-four year old man with moderately 
severe peripheral, cardiovascular and cere- 
bral arteriosclerosis. There was no immedi- 
ate reaction to two bilateral injections of 





contrast material, but six hours later there 
was sudden onset of pulmonary edema. The 
electrocardiogram did not show arrhythmia 
or myocardial infarction. Death occurred 
forty-one hours after the intravenous 
study; pulmonary edema and advanced 
arteriosclerotic cerebral, cardiac, aortic and 
and peripheral vascular disease were dem- 
onstrated at autopsy. The immediate cause 
of death could not be ascertained. Two 
other fatalities have occurred in our series 
of 4,700 patients studied angiocardiograph- 
icallv (after two single injections). The 
first, a afty-six year old woman had post- 
irradiaton pericardial effusion and died 
five hours after injection of contrast ma- 
terlal.^ The other, a six year old child with 
primary pulmonary hypertension, died 1m- 
mediately after injection of the contrast 
medium.!? Since the patients undergoing 
angiocardiography usually have serious 
circulatory handicaps, the rare fatality due 
to the procedure should not contraindicate 
the stucy. Furthermore, because it offers a 
prospect of clarifying a diagnosis and decid- 
ing whether a case is operable, the risk in- 
volved in angiocardiography 15 certainly 
less than the risks of not treating or incor- 
rectly treating -he disease. 

Comparison studies of the circulation 
time with decholin and sodium succinate 
indicate that the modified objective circu- 
lation time wich the latter substance 15 
from two to six seconds longer than the 
decholin circulation time. Accordingly, 
when the uncooperative or unconscious pa- 
tient is studied, contrast roentgenography 
of the carotid and vertebral arteries can be 
performed by making roentgen exposures at 
least six seconds before the predetermined 
sodium succinate circulation time and end- 
ing the exposures at the sodium succinate 
circulation time. 

Studies of the aortic arch branches when 
the patent is ш the supine position may 
show the subclavian veins (Fig. 6) because 
in this position there is a tendency for the 
contrast material to be retained at the site 
where the veins enter the thorax. This may 
interfere with visualization of the third 
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portion of the subclavian arteries and, 
rarely, may tend to obscure the origins of 
the vertebral arteries. Accordingly, when- 
ever feasible, the erect sitting position (Fig. 
3, 44 and B; and 4) is advised. 

The physicians making the injection re- 
ceive very little exposure if the roentgen- 
ray beam is suitably collimated and con- 
ventional protective garments are worn.” 
As a further precaution, once the injection 
is completed, the syringes may be detached 
from the stopcocks and the arms of the pa- 
tient placed at the side on the roentgen 





Fic. 7. Serial intravenous left anterior oblique study 
of the normal carotid-vertebral arterial system of a 
seventy year old woman who complained of head- 
ache, dizziness, facial weakness and partial blind- 
ness of the right eye. The patient was seated in the 
erect right posterior oblique position with her head 
and neck against the roll-film magazine. The upper 
thorax measured 14 cm. The patient weighed 61 
kg. and the decholin circulation time was ten 
seconds. Serial (12 by 12 inch) roentgenograms 
were made at intervals of 2 per second, beginning 
at eight seconds and ending at twelve seconds. 
The milliamperage was 200 and the exposure time 
О.1 second at 78 kv. peak. The distance of the tube 
to the table top was 40 inches. 
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table if the patient 1s recumbent or rested 
against a support if he is in the erect sitting 
position. The operators can then move to a 
shielded area. Sufficient time for this is af- 
forded because the exposure of the roent- 
genogram 1s usually made six seconds or 
more after the beginning of injection and 
the injection is usually concluded at the 
end of two seconds. The personnel for 
performance of vertebral and carotid ar- 
teriography via the intravenous route con- 
sists of 2 physicians who make the injec- 
tions and a technician. This is much less 
formidable than direct arterial puncture or 
retrograde carotid and cerebral arteriog- 
raphy where sterile precautions must be 
maintained, necessitating a trained at- 
tendant. Since general anesthesia is not re- 
quired for the intravenous arteriographic 
study, an anesthesiologist is not needed. 

Determination of the preliminary modi- 
fied circulation time with decholin prior to 
the injection of the contrast material is ad- 
vised for every patient. This also deter- 
mines whether there is obstruction (physi- 
ologic or pathologic) to blood flow into or 
within the heart. Delay of passage of the 
contrast material occurs in cases of pul- 
monary disease associated with cor pulmon- 
ale, some types of congenital heart disease 
(Ebstein’s anomaly, aortic stenosis), con- 
gestive heart failure and acquired valvular 
disease such as mitral and aortic stenosis or 
regurgitation. Fortunately, patients requir- 
ing carotid and vertebral arteriography 
are usually without congenital heart dis- 
ease, congestive heart failure, or rheumatic 
valvular heart disease. 

Because the carotid-vertebral arterial 
opacification time is short, only a tew serial 
roentgenograms are needed. The commer- 
cially available automatic serial film de- 
vices such as the Schónander, Sanchez- 
Perez, and home-made manual changers 
can be used for arteriography of the vessels 
of the aortic arch (Fig. 1 and 4). Even a 
single roentgenogram made with the Bucky 
grid at the predetermined decholin circula- 
tion time has proved satisfactory (Fig. 6 
and 7). As in angiocardiography and ab- 
dominal aortography, a second bilateral 
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injection may be made without harm to the 
patient soon after the first study is evalu- 
ated. Ideally, biplane studies should en- 
hance carotid and vertebral arteriography 
by providing three dimensional views, thus 
obviating the need for a second series of in- 
jections for oblique or lateral views of the 
vessels. 


SUMMARY AND CONCLUSIONS 


Utilizing the modified Robb-Steinberg 
technique of rapid, bilateral and simultane- 
ous intravenous injection of concentrated 
organic iodides through special needle stop- 
cock units and svringes, the visualization 
of the carotid-vertebral arterial svstem from 
its origin in the aortic arch to above the 
bifurcation into the external and internal 
carotid arteries can be achieved. Sufficient 
radiopacity of the neck vessels readily per- 
mits identification of occlusions, stenoses, 
aneurysms or arteriosclerotic plaques. 

For intravenous carotid and vertebral 
arteriography a single roentgenogram ex- 
posed for a period varving from one to two 
seconds at the predetermined decholin cir- 
culation time is sufficient and, therefore, the 
procedure can be performed in the average 
well-equipped radiology department. Rapid 
serial roentgenography by means of auto- 
matic or manual devices increases the 
chances of securing excellent roentgeno- 
grams. In seriously ill or unconscious pa- 
tients the supine position 15 recommended. 
Superior studies can be obtained in coop- 
erative patients who are well enough to be 
seated in the erect position. This permits 
either frontal or oblique views; the latter 
eliminates the confusing overlapping shad- 
ows ОЁ vessels. 

The intravenous method of carotid- 
vertebral arteriography obviates the need 
of multiple arterial punctures when both 
carotid and vertebral arteries need to be 
visualized. Since the entire course of the 
brachiocephalic arteries, especially at their 
origins in the aortic arch, is demonstrated, 
examination of the area proximal to the site 
of arterial puncture is possible. While sub- 
clavian or femoral retrograde catheteriza- 
tion and injection of the contrast material 





at the aortic arch in the vicinity of the 
brachiocephalic «rteries allows better opaci- 
feation and visualization of the arteries of 
both sides of the neck, the morbiditv of this 
procedure, especially in the arteriosclerotic 
croup, is probably greater than when intra- 
venous techniques are used. 


[srael Steinberg, M.D. 
The New York Hos»ital 
Cornell Medical Center 
625 East 68th Street 
New York 21, New York 


ADDENDUM 


Since this paper was submitted for pub- 
lication two reports, describing some modi- 
fication of the intravenous method of ca- 
rotid-vertebral arteriography described 
above, have been published. (Zerbi-Ortez, 
à., and Weldon, W. V. Aortography by 
catheterization of the right atrium: a safe 
and reliable method. New England F. Med., 
264, 19-23; and Schramel, R., 
Creech, O., Jr, Llewellyn, К. L., and 
Corales, R. Visualization of the extracranial 
cerebral circulation by cardio-angiography. 
F.4.M.A., 1961, 775, 304-305.) 
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A NEW DEVICE FOR LAMINAGRAPHY 


By HYMER L. FRIEDELL, M.D. 


CLEVELAND, OHIO 


RDINARILY, laminagrams are pro- 

duced by moving the tube and film in 
opposite directions. The motion of the tube 
and film is regulated bv a rigid mechanical 
linkage connecting the two, which moves 
about a fulcrum which fixes the level of the 
bodv section. 

It can be shown by relatively simple 
analysis that a laminagraphic device may 
be developed with independent motion of 
the roentgen-ray tube and the film. In such 
a device, it is necessary to make certain 
that the velocity of the tube motion and 
the velocity of the film motion are main- 
tained in some constant ratio (/^, 7, = К) 
and that these velocities are in the appro- 
priate opposing directions. 

During the past six months we have con- 
structed a laminagraphic device in which 
there is no mechanical linkage between the 
tube and the film. The tube carriage is 
moved independently by a motor at a con- 


stant velocity. The film, in turn, is moved 
independently by another motor at anv 
specified constant velocity which тау be 
varied at will. 

The level of the body sectioning is deter- 
mined by the ratio of /,/V;. If V, and V, 
are equal, the level of sectioning will lie half 
way between the tube and film. АП levels 
above and below, of course, are blurred 
out. If the ratio increases (/, becomes 
greater than 77), the plane of sectioning 
moves closer to the film. If the ratio de- 
creases (V, becomes smaller than /’;), the 
plane of sectioning moves closer to the tube. 

Laminagrams are being produced bv this 
device and appear to be of excellent quality. 

A fuller, more complete report will be 
given shortly. 


University Hospitals 
2065 Adelbert Road 
Cleveland 6, Ohio 
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PSEUDO-PHEOCHROMOCYTOMA 


HE recent description of a case in 

which a fibrosarcoma uniquely arose 
from the pulmonary artery and extended 
into its main branches but clinically simu- 
lated a pheochromocytoma is one of the 
most interesting instances of intravascular 
tumor to have been described.! 

The simulation of pheochromocytoma 
by such conditions as the carcinoid syn- 
drome, carotid sinus syndrome and parox- 
ysmal hypertension of other origin pre- 
sents a difficult problem in differential 
diagnosis. Its occurrence with hysterical 
laryngeal spasm was observed by Tyrer, 
Emmerson and Murphy.? One of the 2 pa- 
tients reported by them clinically exhib- 
ited the picture of a pheochromocytoma 
characterized by paroxysms of headaches, 
chest pain, palpitations, and arterial hy- 
pertension. False positive provocative his- 
tamine and phentolamine tests were also 
noted. Anxiety states and emotional stress 
provide additional perplexing problems 
in differential diagnosis, since paroxysmal 
hypertension of pheochromocytoma may 
be thus triggered or such conditions alone 
may mimic the presence of this tumor. 
Anxiety or hysteria occurring with hyper- 
ventilation has been seen to simulate 
pheochromocytoma as well. Vascular head- 
aches, cerebral vascular accidents, chronic 
nervous fatigue, menopausal tension, an- 
gioneurotic edema, epilepsv and the dien- 
cephalic seizures of Penfield are some other 
conditions which may be confused with 


! Worr, P. L., Dickenmayx, R. C., and Lascsros, J. D. 
Fibrosarcoma of the pulmonary artery, masquerading as a pheo- 
chromocytoma. Am. J. Clin. Path., 1960, 34, 146-154. 

2 Tyrer, J. H., Emmerson, B. T., and Murpny, К. J. Hysteri- 
cal laryngeal spasm and the production of paroxysma! hyperten- 
sion. Quarterly 7. Med., 1959, 28, 315-327. 


pheochromocytoma.” Within recent years 
the abilitv to recognize these lesions bv 
pharmacologic investigative procedures has 
made the diagnosis somewhat more certain 
and the classification of hvpertension of 
unexplained origin has been assisted. 

Similarly, the recognition of functioning 
or metastatic carcinoid tumors has been 
greatlv facilitated Ьу the demonstration 
of hyperserotoninemia (the elevation of 
s-hydroxytryptamine in the serum) or more 
practically of s-hydroxvindoleacetic acid 
in the urine. Toomey and Felson? call at- 
tention to the relationship of abdominal 
carcinoid and bronchial adenoma of the 
carcinoid type as being related entities. 
The second of these, although different in 
location than the fibrosarcoma of the pul- 
monary artery reported by Wolf, Dicken- 
man and Langston,' is representative of 
still another intrathoracic lesion which may 
be confused with pheochromocytoma. 

The ability to demonstrate pheochro- 
mocytoma by roentgenologic methods cen- 
ters primarily on excretory urography to 
show displacement of the kidneys, al- 
though only approximately £o per cent of 
these tumors are of sufficient size to cause 
displacement. Where suspected, retroperi- 
toneal or perirenal air insufflation has been 
employed to delineate such tumors. In 
addition to the objection of a procedure 
somewhat difficult to perform satisfactor- 
ilv and the remote hazard of air embolism, 
the low degree of accuracy in revealing 


? Hardie, G. H., and Ѕсеснтіхс, R. L. Pheochromocytoma. 
J-A:MA:; 1960, 774, 1533-1537. 

‘Toomey, F. B., and FrErsos, B. Osteoblastic bone metastasis 
in gastrointestinal and bronchial carcinoids. Ам. J. Roenr- 
GENOL., Rap. THERAPY & Nuciear MED., 1960, S5, 709- 


715. 


1148 








VoL. 8с, No. 6 


known tumors must be taken into consid- 
eration. Therefore, from the roentgenologic 
standpoint, the demonstration of pheo- 
chromocytoma is uncertain and often 1m- 
possible, requiring surgical exploration. 
Allen? successfully detected the location of 
a pheochromocytoma and proved it to be 
unilateral by <ranslumbar aortography, 
-easoning that ir would have a good vascu- 
ar supply. He states that perirenal air 1n- 
<uflation and leminagraphy with or with- 
jut excretory urography are the methods 
yf choice in diagnosis. Noting a report of 2 
jeaths from this procedure, possible hazard 
is minimized by a nor-adrenaline and 
phentolamine crip to stabilize the blood 
pressure. Elfvir* states that 22 histologic- 
ally verified cases of suprarenal tumors 
demonstrated by aortography had been 
published prior to March, 1959. А pheo- 
chromocytoma which he clearly recognized 
preoperatively revealed tumor vessels with- 
out arteriovenous fistulas and moderate 
diffuse contras- material accumulation in 
the tumor during the arterial phase. 

The suggestion of a pheochromocytoma 
bv clinical signs and symptoms which 


could not be excluded Ьу a number of 


pharmacologic and roentgenologic investi- 
cations is the subject of Wolf, Dickenman, 
and Langston’s interesting report.’ In their 
case excretory urography and retroperi- 
toneal air insufflation did not obviate an 
exploratory operation which in turn failed 
to demonstrate a suprarenal tumor. The 
symptomatology was misleading and, сиг1- 
ouslv, palpation of the abdomen was fol- 
lowed by an episode of hypertension. Fur- 

5 ALLEN, W. M. ©. 


trans-lumbar aortography. Brit. 7. Rad., 1960, 33, 049-950. 


Pheochromocytoma demonstrated by 


в Evevin, Р. Roentgen findings in а case of phaeochromocy- 
toma. .Zcta radiel., 1979, 52, 461-464. 
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ther confusion resulted from positive Regi- 
tine tests, the presence of an atypical pres- 
sor-like substance in the urine and the oc- 
currence of paroxvsmal hypertension. This 
case represents a rare entitv, but an aware- 
ness of the mechanism wherein an intra- 
arterial pulmonary tumor produced the 
clinical picture of pheochromocytoma may 
lead to its more frequent recognition. 
Roentgenographically, a prominent and 
enlarged right pulmonary artery was dem- 
onstrated and subsequently proved to be 
infiltrated bv the tumor. 

The possible manner of production of 
paroxysmal hypertension in this case IS 
postulated by the authors to result from 
(1) a pressor substance elaborated by the 
tumor, (2) the secretion of an insulin-like 
substance with hypoglycemia resulting 1п 
excessive secretion of adrenal medullary 
hormone, and (3) intrinsic reflexes of the 
carotid sinus and aortic sinus due to pres- 
sure changes within the vascular system. 

There have been numerous reports in 
the literature of conditions which produce 
paroxysmal hypertension and to this should 
be added fibrosarcoma of the pulmonary 
artery. It should again be emphasized that, 
despite its rarity, the awareness of an 1n- 
travascular tumor occurring in the pul- 
monary artery and simulating pheochrom- 
ocytoma may enable the radiologist to di- 
rect the clinician’s attention to this entity. 
The employment of venous angiocardiog- 
raphy, selective angiocardiography or se- 
lective pulmonary arteriography may then 
lead to earlier recognition. 


KENNETH L. KRABBENHOFT, M.D. 


Harper Hespital 
Detroit 1, Michigan 


June, 1961 
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DR. BERNARD PIERRE WIDMANN 
HONORED 
A Testimonial Dinner was given by the 
Philadelphia Roentgen Ray Society in 
honor of Bernard Pierre Widman n. М2, at 
the Union League of Philadelphia, on 
Thursday, March 2, 1961. 


DR. TRUMP AWARDED 1961 AIEE 
LAMME MEDAL 


The American Institute of Electrical En- 
gineers announced the award of the 1961 
Lamme Gold Medal to Dr. John G. Trump 
of Massachusetts Institute of Technologv, 
Cambridge, Mass. The Medal will be pre- 
sented to Dr. Trump at the opening of the 
five-day Summer General Meeting of AIEE 
at Cornell University, June 19-23, 1961. 


COURSE IN OPERATIVE RADIUM IHERAPY 

A course in Operative Radium Therapy 
is to be offered at the Queens Hospital Cen- 
ter by the Radiation Medicine Department. 
The course will be held on Wednesday 
mornings (9 A.M. to 12 Noon) from October 
4, 1961 to November 22, 1961. 

The program will include the use of inter- 
stitial radiation in the oral cavitv; radical 
insertion of radium in the neck; various ap- 
plicators in carcinoma of the cervix; the 
Heyman applicators in carcinoma of the 
endometrium; radium needles in the para- 
metria; and radon, iridium-thread, and co- 
balt interstitial therapy. 

The tuition fee is $100. For further infor- 
mation apply to Dr. Philip J. Kahan, Su- 
pervising Medical Superintendent, Queens 
Hospital Center, 82-68 164th Street, Ja- 
maica 32, New York. 


FELLOWSHIPS IN HEALTH PHYSICS 

Next fall, as the 1961-62 academic vear 
opens, 61 young graduate students will em- 
bark on studies in the field of health phys- 
ics under a unique program sponsored bv 
the U. S. Atomic Energy Commission. 


Administered for the Commission bv the 
Oak Ridge Institute of Nuclear Studies, the 
AEC Special Fellowships in Health Phys- 
ics have been awarded to 61 outstanding 
students to enable them to become special- 
ists in a branch of science that has grown 
out of the atomic age. 

The fellowship awardees will spend nine 
months of regular graduate work at one of 
eight universities participating in the pro- 
gram, followed bv three months of addi- 
tional studv and field training at a coop- 
erating installation of the AEC. The 
knowledge and experience they thus gain 
will train them in the methods and tech- 
niques of identification and evaluation of, 
and protection from, effects of ionizing ra- 
diation—a scientific field essential to many 
U. S. industries that are now using radio- 
isotopes and radiation in industrial proc- 
esses. 

The fellowship appointees will study at 
one of the following universities: Vander- 
bilt; the Universities of Washington, Roch- 
ester, California, Michigan, Kansas, Puerto 
Rico; or Harvard. 


AEC SPECIAL FELLOWSHIPS IN NUCLEAR 
SCIENCE AND ENGINEERING 


One hundred and eighty-four young sci- 
ence students from 32 states and the Dis- 
trict of Columbia have been selected to 
receive special Atomic Energy Commission 
fellowships for graduate study during 
1961—62. 

The AEC Special Fellowships in Nuclear 
Science and Engineering to which they 
were appointed are designed to aid and en- 
courage outstanding students who are 
studying for master’s or doctor’s degrees in 
nuclear fields. Administered for the Com- 
mission by the Oak Ridge Institute of 
Nuclear Studies, the fellowships are awarded 
for one year, and may be used for studv at 
one of £4 designated universities in the 
United States. 
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Vaso-SEMINAL VESICULOGRAPHY IN HYPER- 
TROPHY AND CARCINOMA OF THE PROSTATE 
WITH SPECIAL REFERENCE TO THE E,JACULA- 
Tory Ducrs; A CLINICAL AND EXPERIMEN- 
TAL ROENTGENOLOGICAL Srupv. By Gunnar 
Willer Vestby. Cloth. Pp. 194, with 119 il- 
lustrations. Oslo University Press, 1960. Dis- 
tribution office in the United States, 355 
North St., Boston 9, Mass. Also published 
as Supplement 199 to dela Radiologica. 


In the literature dealing with roentgenology 
of the genitourinary tract, considerable detailed 
information is ziven on the kidneys, ureters, 
bladder and ure-hra. Very little space, however, 
is devoted to the roentgenology of the spermatic 
tract. The purpose of the author has been to 
study the roentgen findings of the ejaculatory 
duct and the contiguous part of the spermatic 
tract in cases of benign hypertrophy and carci- 
noma of the prostate, and to evaluate the diag- 
nostic roentger examination known as vaso- 
seminal vesicu ography. 

The book is divided into two parts dealing 
with clinical and experimental roentgenology, 
respectively. 

The first part is a presentation of vasoseminal 
vesiculography as it was performed on 230 pa- 
tients with hypertrophy and carcinoma of the 
prostate. In this investigation the author has 
concentrated particularly on that portion of the 
spermatic tract which penetrates the prostate, 
namely, the ejaculatory duct. To ensure com- 
plete contrast-filling and visualization of the 
ejaculatory duct, roentgenograms were made 
during the injection of the contrast medium. 
All roentgenologic studies were performed in 
conjunction with vasectomy. A detailed de- 
scription of the author’s technique and equip- 
ment is given and the normal vasoseminal ve- 
siculogram is described. Inflammatory lesions 
frequently cause pathologic changes in the 
prostate and the spermatic tract. Conse- 
quently, the rcentgen changes in relation to the 
differential diagnosis of hypertrophy and carci- 
noma of the prostate are discussed. 

The second part describes an experimental 
study of postmortem specimens. To obtain 
detailed information of the roentgen changes 





and their morphologic basis, the spermatic 
tract in fresh autopsy specimens was filled with 
contrast medium and roentgenograms were 
made prior to the histologic examination. Exact 
descriptions of the method employed and of the 
author's technique for preparing tae specimens 
are given. 

The following observations were made: 

'The roentgen changes in prostatic carcinoma 
are well defined and generally differ distinctly 
from those in benign hypertrophy. In prostatic 
carcinoma, the ejaculatory duct is narrowed and 
tube-like, and, in pronounced cases, may even 
be completely obliterated. Histologically, it 1s 
demonstrated that the constricting growth of 
the malignant tumor produces the narrowing of 
the duct. In early carcinoma, these changes are 
noted only in the ejaculatory duct. In advanced 
carcinoma there are also changes in the seminal 
vesicle and ampulla of the ductus deferens. 

In benign hypertrophy, the roentgen findings 
are practically the opposite of those in prostatic 
carcinoma. The ejaculatory duct is dilated, if 
not normal, and the seminal vesicle is ex- 
cessively dilated. In chronic seminal vesicu- 
litis with shrinking and inflammatory infiltra- 
tion, the findings оп the vasoseminal vesiculo- 
gram may be confused with those of advanced 
prostatic carcinoma. 

[n the vast majority of cases of benign hyper- 
trophy and prostatic carcinoma it 15 easy to 
establish a definite diagnosis, but evaluation of 
the vasoseminal vesiculograms demands con- 
siderable experience and may be difficult. 

'The author concludes that: (1) vasoseminal 
vesiculography, when properly performed, is a 
practical and valuable method in the diagnosis 
of benign hypertrophy and carcinoma of the 
prostate; and (2) in the presence of carcinoma, 
vasoseminal vesiculography gives useful infor- 
mation on the local extent of the lesion, a point 
of great importance in the consideration of radi- 
cal prostatectomy. 

The indications for vasoseminal vesiculogra- 
phy may briefly be summarized as follows: (1) 
all cases of benign hypertrophy and carcinoma 
of the prostate, in which the diagnosis is still 
uncertain after routine examination; (2) all 
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cases of prostatic carcinoma in which radical 
prostatectomy is contemplated, since it is de- 
sirable to know the extent of the lesion: and (3) 
all cases in which vasectomy is proposed. This is 
of special importance in surgical and urologic 
departments, where radical prostatectomy is 
the usual procedure for operable cases of pros- 
tatic carcinoma. 

The book is enriched with reproductions of 
numerous roentgenograms of excellent quality, 
an anatomic drawing of the spermatic tract 
and a splendid presentation of the author's 
technique for vasoseminal vesiculography. 

Pror. ATHAYDE PEREIRA, М.Р. 
Sao Paulo, Brasil 


STRAHLENBIOLOGIE; GRUNDLAGEN UND ERGEB- 
NISSE. By Prof. Dr. Hedi Fritz-Niggli, 
Zürich. Cloth. Price, $15.50. Pp. 379, with 
168 illustrations. Georg Thieme Verlag, 
Herdweg 63, Stuttgart, Germany, 1959. In 
theU.S.A. and Canada, Intercontinental Med. 
ical Book Corporation, New York 16, N. Y. 


The interest in biologic effects resulting from 
ionizing radiations has increased tremendously 
since radioisotopes are being produced in great 
quantities and varieties and since supervoltage 
apparatus, accelerators and nuclear reactors of 
even greater energies are being constructed. One 
of the underlying reasons for this development 
is the concern about the health and safety of the 
public in general and of workers coming in con- 
tact with ionizing radiations in particular. 

Investigations on radiation biology are being 
carried out in many laboratories all over the 
world and the literature on the subject has 
taken on gigantic proportions. The author of 
this book very successfully arranges the vast 
amount of published material in an orderly 
systematic manner, adding a large part of her 
own work in the field. 

A rather extensive description of the physical 
and chemical foundations of radiation biology 
leads up to a consideration of radiation genetics 
—the effects upon cells and cell division, the 
embryo, fetus and regeneration. 

The second half of the book is devoted го can- 
cer-producing effects of radiations, radiation 
pathology, radiation death and radiation sick- 
ness in mammals and humans. A description of 
biologic and chemical means of prophylaxis and 
therapy for radiation injuries and an attempt to 
explain some of these effects on a theoretic basis 
concludes the book. Questions of radiation 
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genetics are described in greater detail, since the 
effects of ionizing radiation upon hereditary fac- 
tors are considered to be especially important, 
both from a theoretic and a practical point of 
view. The discussion of the author’s own work 
in the field is especially stimulating. 

The book is excellently printed and has a 
large number of excellent illustrations, some of 
them in color. It fills a definite gap of long 
standing and should be found in еуегу labora- 
tory and institution where work is carried out 
on biologic effects of ionizing radiations. 


Orro Grasser, P.D. 


BOOKS RECEIVED 


Cancer; Ркоскеѕѕ VoLume тобо. Edited by Ronald 
W. Raven, O.B.E.(Mil.), T.D., F.R.C.S., Joint 
Lecturer in Surgery, Westminster Medical School, 
University of London; Surgeon, Westminster Hos- 
pital Teaching Group; Surgeon, The Royal Mars- 
den Hospital, London; Surgeon, The French Hos- 
pital, London. Cloth. Pp. 258, with 45 illustrations. 
Price, $12.00. Butterworth, Inc., 7235 Wisconsin 
Ave., Washington 14, D. C., 1960. 

NEURORADIOLOGY М'оккѕнор. VoLuME I: SCALP, 
SKULL AND MrwiNGEs, By Leo M. Davidoff, 
M.D., Active Consultant Neurosurgeon, Monte- 
fiore Hospital; Professor and Chairman, Depart- 
ment of Neurosurgery, Albert Einstein College of 
Medicine, Yeshiva University, New York; Harold 
G. Jacobson, M.D., Chief, Division of Diagnostic 
Radiology, Montefiore Hospital; Professor of Clin- 
ical Radiology, New York University School of 
Medicine, New York; and Harry M. Zimmerman, 
M.D., Chief, Division of Laboratories, Monte- 
hore Hospital; Professor of Pathology, College of 
Physicians апа Surgeons, Columbia University, 
New York. Cloth. Pp. 256, with many illustra- 
tions. Price, $16.50. Grune & Stratton, Inc., 381 
Fourth Ave., New York 16, М. Y., 1961. 

ANATOMY AND PHYSIOLOGY FoR RADIOGRAPHERS. By 
J. E. Blewett, M.D., D.M.R., F.F.R., Director of 
Diagnostic Radiology Department, King’s Col- 
lege Hospital, London, and the Belgrave Hospital 
for Children; and A. M. Rackow, B.Sc., M.B., 
D.M.R.E., Assistant Director of Diagnostic Radi- 
ology Department, King’s College Hospital, Lon- 
don, and the Belgrave Hospital for Children. 
Cloth. Pp. 364, with 133 illustrations and 22 
plates. Price, $7.50. Butterworth, Inc., 7235 Wis- 
consin Ave., Washington 14, D. C., 1960. 

SURGERY OF THE Esopnacus. By Raymond W. Pos- 
tlethwait, M.D., Professor of Surgery, Duke Uni- 
versity Medical Center; Chief of Surgery, Vet- 
erans Administration Hospital, Durham, North 
Carolina; and Will Camp Sealy, M.D., Professor 
of Thoracic Surgery; Chief, Division of Thoracic 
Surgery, Department of Surgery, Duke University 
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Medical Center, Durham, North Carolina. Cloth. 
Pp. 482, with 201 illustrations. oe $ 30.00. 
Charles C Thomas, Publisher, 301-327 East Law- 


rence Ave., Springfield, Ill., 1961. 
Tue Puysics оғ RapioLocy. Second edition. By 
Harold Elford Johns, M.A., PhD, F.R.5 t p 


LL.D., Professor of Physics and Professor of Medi- 
cal Biophysics, Univ ersity of Toronto; Head, 
Physics Division, Ontario Cancer Institute, To- 
ronto, Canada. Cloth. Pp. 767, with many illustra- 
tions and tables. Price, 323.00. Charles C Thomas, 
Publisher, 301-327 East Lawrence Ave., Spring- 
field, IIL, 19601. 

Recent Apvances IN Human Genetics. Edited by 
L. S. Penrose, M.A., M.D., F.R.S., Galton Pro- 
fessor of Eugenics, University College, London. 

Cloth. Pp. 194, with 13 illustrations and 32 tables. 
ag $8.00. Little, Brown & Company, 34 Beacon 
, Boston 6, Mass., 1961. 

ой ріс X-Ray Diacnosis; А TEXTBOOK FOR 
STUDENTS AND PRACTITIONERS OF PEDIATRICS, 
Surcery & Raprotocy. Fourth edition. By John 
Caffey, A.B., M.D., Director of Medical Education, 
Children's Hostal of Denver; Consultant Pedi- 
atrician, National Jewish Hospital at Denver, 
Colorado; Professor Emeritus of Radiology, Col- 
lege of Physicians and Surgeons, Columbia Uni- 
versity; Consultant Radiologist, Columbia-Pres- 
byterian Medical Center, New York City. Cloth. 
Pp. 1,236, with 1,536 illustrations. Year Book Pub- 
fisher „ Ine: ›со East Illinois St., Chicago 11, Hl, 
L961. 

BIBLIOTHECA RADIOLOGICA, 
ploLOGIA Ciinica,” Fasc. GASTROENTEROLOG- 
ISCHE RÓNTGENPROBLEME, GALLENBLASE, isis 
LENWEGE, ee PROBLÈMES GASTRO-ENTERO- 
LOGIQUES RADIOLOGIQUES, VESICULE, VOIES 
BILIAIRES, onm By E. Hafter, Zürich; M. oeil 
seyer, Гаване and J. Wellauer, Zürich. Paper. 

illustrations. 
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Pp. 104, with many Price, $5.30. 
S. Karger, Basel, 1961. Available in the U.S.A. 


through Albert J. Phiebig, American Representa- 
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tive of Foreign Publishers, P.O. Box 35 , White 
Plains, М. Y. 

DOSIMETRIE DER STRAHLUNGEN — RADIOAKTIVER 
Srorrk. By Dr. phil. Walter Minder, Professor fur 
medizinische Strahlenphysik an der Universitat 
und Leiter des Radium-Institutes in Bern. Cloth. 
Pp. 300, with 137 illustrations. Price, 315.2 
Springer-Verlag, Mólkerbastei 5, Wien 1, Austria, 
1901. 

DiE MYELOGRAPHIE mir PosrriveN Konrrast- 
MITTELN. By Priv.-Doz. Dr. med. J. Wellauer, 
Zürich. Cloth. Pp. 176, with many illustrations. 
Price, $12.85. Georg Thieme Verlag, Herdweg 63, 
Stuttgart, Germany, 1961. 

GvxXkoLoGiscuE UroLocie. By Dr. med. et rer. 
nat. W. Langreder, apl. Prof. an der Joh. Guten- 
berg-Universitat, Mainz, Chefarzt der Stadt. 


Um 


Frauenklinik Rheydt (RHLD.). Cloth. M 306, 
with 13« illustrations and 9 cables: Price, $14.05. 
Georg Thieme Verlag, Herdweg 63, Su tuttgart, 


Germany, 1961. 

EFFECTS OF INHALED RADIOACTIVE PARTICLES; RE- 
PORT OF THE SUBCOMMITTEE ON INHALATION Н Az- 
ARDS, COMMITTEE ON PATHOLOGIC EFFECTS OF 
Aromic Rapration. Publication 848. Paper. Рр. 
-8, with many illustrations and tables. National 
Academy of Sciences—National Research Council, 
Washington, D. C., 1901. 

REPORT ОЕ THE SUBCOMMITTEE ON Lonc-TERM 
Errgcrs or loxrzisG RADIATIONS FROM EXTER- 
NAL SOURCES OF THE COMMITTEE ON PATHOLOGIC 
Errecrs or Aromic Rapiation. Publication 349. 
Paper. Pp. 82. National Academy of Sciences 
National Research Council, D. Ca 
1961. 

Errects or IonIzING RADIATION ON THE 
HEMAPOIETIC SYSTEM; REPORT OF THE 
MITTEE ON HEMATOLOGIC EFFECTS, COMMITTEE ON 
Paruotocic Errecrs or Aromic Rapration. Pub- 
lication 875. Paper. Pp. 14. National Academy of 
Sciences—National Research Council, Washing- 
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ROENTGEN DIAGNOSIS 
Heap 


UppeGRave, W. J, (Philadelphia, Pennsyl- 
vania.) Higher fidelity in intraoral roent- 
genography. ў. Am. Dent. A., Jan., 1951, 62, 
1—9. 


Inaccurate portrayal of anatomic relationship of 
structures, superimposition of the parts, and over-all 
lack of intimate detail are inadequacies commonly 
seen in bisecting-angle roentgenograms. Such dimen- 
sional distortion can be minimized by a technique 
in which the film is positioned parallel to the object 
and then directing the rays at right angles to the 
film. Thereby, three-dimensional objects аге pro- 
jected with all parts in their correct relationship. In 
addition to the alignment, the film-target distance 
IS Increased to 16 inches to minimize enlargement. 

To position and hold the film parallel to the long 
axes of the teeth and help project the beam per- 
pendicular to the film, a simple device of plastic is 
designed. 

Difficulties in positioning the film packet due to shal- 
low palate and other problems are resolved by the 
author, An extension cone is recommended for proper 
distance. Several explanatory photographs and dia- 
grams are included in the original article which aid 
in improving the interpretation of dental roentgeno- 


grams.—David С. Alftine, M.D. 


SCHECHTER, MANNIE MENACHEM, and JING, 
Bao-SHaN. Improved visualization of the 
ventricular system with the technic of auto- 
tomography. Radiology, April, 1960, 7, 593- 
боо. (Address: M. M. Schechter, St. Vin- 
cent's Hospital of the City of New York, 
New York, N. Y.) 


The use of autotomography in achieving improved 
visualization of the ventricular system in pneumog- 
raphy is described. Better definition of the fourth 
ventricle, aqueduct, and third ventricle is obtained 
due to the fact that the axis of rotation of the head 
passes through them and, therefore, the shadows 
cast by these structures move far less than those at a 
distance from the midline. 

During encephalography, the patient is placed in 
a sitting position with the neck flexed. During the 
introduction of air, he is instructed to rotate the 
head slowly from side to side as if saying “по.” Ex- 
posures are made during this rotation, which is ap- 
proximately то degrees, i.e., 5 degrees to each side 
of the midline. The brow up and brow down en- 
cephalograms are obtained with the patient lying 
down and the head rotated by an assistant. 

The authors feel that this technique gives better 
visualization of the ventricular system in most in- 
stances and thus obviates the need for positive con- 
trast ventriculography.. Yohn 5. Alexander, M.D. 


[ Abstracts of Radiological Literature 


JUNE, 1961 


FEIRING, EMaANUEL H., SHAPIRO, JEROME H., 
and FELDMAN, Avner I. Frontal avascular- 
ity: an angiographic observation in frontal 
lobe tumors. Radiology, April, 196c, 74, 601- 
604. (Address: ]. Н. Shapiro, Montefiore 
Hospital, New York 67, N. Y.) 


This article is concerned with avascularity seen in 
the frontal regions during the postarterial phase of 
cerebral angiography in the presence of a frontal 
lobe tumor. The authors have noted that occasionally 
this phenomenon is demonstrated, especially when 
an automatic rapid film changer is used. In 41 Cases 
of frontal lobe tumor, 27 showed absence or dim- 
inution of opacified blood vessels in the frontal re- 
gion in the venous or "intermediate" phases. The 
exact explanation of this avascularity is not known, 
but it may be due to a pressure gradient rendering 
the small veins more liable to compression, or simply 
to bulk alone, since this is a "silent area." 

It is realized that this phenomenon is of limited 
value for localization. However, when for anatomic 
reasons the anterior cerebral artery is not visualized 
on the side of the injection of contrast material, 
frontal avascularity in the postarterial phase may 
be usefu!.— Tames C. Moore, M.D. 


NECK AND CHEST 
MacEwan, D. W., Dunsar, J. S., and Мок. 
PHY, D. К. Isolated tracheoesophageal fistula 
demonstrated by cinefluorography. ў. Canad. 
Ass. Radiol., Dec., 1960, 77, 84-88. (From: 
The Montreal Children's Hospital, Montreal, 
Quebec, Canada.) 


The authors present 2 cases of trachecesophag- 
eal fistula. These patients were studied carefully 
and repeatedly before the proper diagnosis was made 
and treatment instituted. The positions of the tra- 
cheoesophageal fistulae, which were high in the neck, 
made the demonstration difficult, but diagnosis was 
possible by use of cinefluorography. 

The usual clinical features are coughing, choking, 
and cyanosis after feeding in the newborn. Excessive 
mucus in the nose and pharynx is likely. Air which 
has entered the esophagus through the fistula may 
distend the abdomen. Pneumonia occurs frequently 
because of passage of food and secretions into the 
trachea. The fistula characteristically has a lower 
esophageal than tracheal orifice. The diameter of the 
lumen may vary from the size of a pinhead to several 
millimeters. 

The higher the level of the fistula and the smaller 
its lumen, the greater is the difficulty of demonstrat- 
ing it. The rapid pharyngeal and upper esophageal 
movements while swallowing, coupled with the 
coughing usually present, contribute to failure of 
visualization by fluoroscopy and spot films. The ad- 
vantages of the cine method with slow motion or 
single frame analysis are evident. 
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Briefly the method of examination is: (1) an infant 
should first be irvestigated roentgenologically by 
catheterization of the esophagus and direct injection 
into the lower, then mid, and finally the upper 
using dionosil; (2) the injec- 
tion should be done gently but rapidly so as to 
distend the esophagus; and (3) if no contrast medium 
enters the trachea by the above method, barium 
should be given br mouth and the swallowing mech- 


David C. Alftine, M.D. 


esophagus, preferably 


anism observed. 


Barr, НАкор D. Wandering of the retro- 
cardiac esophagus: a pitfall in the diagnosis 
of left atrial enlargement. Radiology, April, 
1960, 74, 588-592. (Address: Hospital of St. 
Raphael, New Haven 11, Conn.) 

Normal mobility of the esophagus may be con- 
the pendulous motion of its 
distal portion during roentgen examination, In the 


firmed by observing 


frontal projection, on deep inspiration, the esopha- 
cus descends in a straight line, and on expiration it 
is commonly displaced slightly to the right of the 
midline by the normal left auricle. The author states 
that, when the recrocardiac esophagus is exceedingly 
mobile, it may be mistaken for an abnormal devia- 
tion secondary to left atrial enlargement. 

The author presents 4 cases. In 1, the initial exam- 
ination revealed she esophagus to be displaced pos- 
teriorly and to che right. This displacement was 
thought to be a result of left atrial enlargement. On 
subsequent examination, this diagnosis was proved 
erroneous, as the distal esophagus was found to be 
exceedingly mobile. It could be displaced to either 
side of the midline Ьу turning the patient on one 
side or the other in the supine position. The second 
case is presentec because of similar findings. Left 
lateral deviation of the esophagus was limited by the 
descending aorta. There was no atrial enlargement in 
these 2 patients. In the other 2 cases there was clin- 
ical evidence of eft atrial enlargement. The roent- 
venographic examination revealed that the esopha- 
gus could be displaced to the right or the left by posi- 
tioning the patieat. Therefore, when the esophagus 


is very mobile and can be displaced to either side of 


the midline, the usual diagnostic criteria pertaining 
to its displacement by an enlarged left atrium must 
be applied critically and correlated with the clinical 
data. 

This observatmn was probably first reported by 
Rósler and Weiss who attempted to produce by posi- 
tioning right posterior displacement of the esophagus 
in patients with rheumatoid heart disease and lett 
atrial enlargemer t. This was possible in only 1 of the 
6 patients examined. Recently, 3 similar cases have 
been reported by other investigators. Also, unusual 
esophageal motil ty has been reported by Segers and 
Brombart in 2 ceses of ectatic aorta, and by Hutton 
in 1 case of left atrial enlargement in an infant, sec- 
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W. М. McBride, 


ondarv to congenital heart disease. 


M.D. 


VanapaRAJAN, M. С. Carcinoma of the 
oesophagus with an unusual secondary in the 
subcutaneous tissues of the right orbit. 
Mediscope, Oct., 1960, 3, 1-3. (From: The 
Government General Hospital, Madras, 


India.) 


The fact that carcinoma of the esophagus spreads 
by the usual three routes— direct, lymphatic, and 
blood vessels—is pointed out by the author. The 
hematogenous metastases generally occur late in 
about one-third of the fatal cases. 

A case with presenting symptoms of proptosis and 
loss of vision in the right eye is described. These 
symptoms were caused by a proved metastatic lesion 
from a relatively asymptomatic carcinoma of the 
esophagus. Palpable lymph nodes were also present 
in the suprasternal and supraclavicular regions. 


George A. Miller, M.D. 


МАК, P., BELÁN, A., and Korc, J. Der 
Ductus thoracicus in der Róntgenkinema- 
tographie; Experimentalstudie. (Visualiza- 
tion of the thoracic duct by means of roent- 
gen cinematography; experimental study.) 
Fortschr. a. d. Geb. d. Róntgenstrahlen u. d. 
Nuklearmedizin, Dec., 1960, 93, 723-73C. 
(From: Institut für klinische und experi- 
mentelle Chirurgie, Prag, Czechoslovakia.) 


The thoracic duct of dogs was visualized by means 
of roentgen cinematography, using lipiodol I as con- 
trast material. 

The following problems were studied: (1) the pos- 
sibility of continuous filling of the thoracic duct; 
(2) the mode of emptying of the contrast material 
from the duct into the venous circulation; (3) the 
effect of diaphragmatic movement on the flow of the 
opaque medium in the duct; and (4) the etfect of 
arterial pulsation on the duct. 

Two main disadvantages to using this method 
clinically were encountered: (1) lipiodol is an oily 
contrast material; therefore, the danger of fat em- 
bolism exists after its injection into a closed sys- 
tem; and (2) in dogs the contrast medium has to 
pass only two lymph node groups before reaching 
the duct after it has been injected into the lower ex- 
tremity; therefore, it can be introduced into the duct 
under sufficient pressure. Such favorable anatomy 
does not exist in the human Бете. Асал Schac- 


kow, M.D. 


Loncin, F. Über die lokalisierte und einseitige 
"helle Lunge." (Localized, one-sided radio- 
lucent lung.) Fortschr. a.d. Geo. d. Röntgen- 
strahlen u. d. Nuklearmedizin, Dec., 1960, 

687. (Address: R6.-Abt. der Univ.- 


Q3, 073 
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Poliklinik, Klinikgasse 3, Würzburg, Ger- 
many.) 


A classification of the causes of unilateral increased 
radiolucency of the lung is suggested. Isolated pul- 
monary artery hypoplasia and hypoplasia eccurring 
with congenital cardiac defects are differentiated 
from unilateral emphysema with pulmonary artery 
hypoplasia. One case of the latter is presented. The 
pathogenetic relationship between this type of em- 
physema, the chronic essential emphysema and the 
nonobstructive emphysema of childhood is discussed. 
The hypoplasia of the pulmonary artery system ob- 
served in these cases is considered to be secondary to 
the pulmonary changes. 

Reference is made to the circumscribed areas of 
increased radiolucency. Bronchostenosis or vascular 
changes are considered to be the causes. No possi- 
bility was seen of differentiating roentgemograph- 
ically between the two etiologies. Therefore, it seems 
advisable to the author to avoid the terms " progres- 
sive lung dystrophy" and “degenerative lung dis- 
ease," which imply a form of emphysema due to 
vascular causes.— Eckart Schackow, M.D. 


Окмомр, Ковевт S., and PozNANSKI, ANDREW 
K. Pulmonary veins in rheumatic heart 
disease. Radiology, April, 1960, 74, 542-549. 
(Address: К. S. Ormond, Henry Ford Hos- 
pital, Detroit 2, Mich.) 


The posteroanterior roentgenograms of 172 pa- 
tients who had undergone cardiac catheterization 
were studied to evaluate the pulmonary veins. In 
107 patients, percutaneous left atrial heart catheteri- 
zation was done and routine upright posteroanterior 
roentgenograms were taken within forty-eight hours 
thereafter. Sixty of this group were subsequently 
operated upon for correction of valvular detects. In 
a second group of 65 patients, laminagrams of the 
right pulmonary vasculature in the upright position 
were obtained. Of these patients, 50 had percuta- 
neous left atrial catheterization and 25 had right 
heart catheterization. Seventeen patients of this 
group had subsequent cardiac surgery. 

The study was confined to evaluation of the pul- 
monary venous changes in rheumatic valvular heart 
disease. The appearance of the pulmonary veins in 
the posteroanterior roentgenogram was found to re- 
flect pressure changes in the left atrium. Upper lobe 
veins were found to be a reliable index to clevated 
pressure, responding to increased pressure by an in- 
crease in size. The veins were classified according to 
size. Patients with the largest veins were found to 
have pressures above 20 mm. of mercury; the inter- 
mediate group had pressures between 15 and 25 mm., 
and patients with the smallest veins had pressures 
below 15 mm. No appreciable difference in appear- 
ance was observed in lesions producing an clevated 
pressure. 
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The venous channels in the lower lung field are 
subject to some variation, but the superior basilar 
division of the inferior pulmonary vein is a fairly 
constant structure. Two points on this vein were se- 
lected for measurement: (1) approximately 1 cm. 
proximal to the left atrium and just distal to the 
first division of the vein, and (2) in the peripheral 
lung field just proximal to the last major division of 
the vein. The size of the lower lobe veins was found 
to be a less reliable index to elevated pressure than 
upper lobe vein size. In the presence of congestive 
failure, the veins in the lower lobes were found to be 
disproportionately enlarged.— Arno W. Sommer, 


M.D. 


KLATTE, EvGENE C., CAMPBELL, Jonn A., and 
Lurie, PauL R. Aortic configuration in 
congenital heart disease. Radiology, April, 
1900, 74, 555-556. (Address: E. C. Klatte, 
1100 W. Michigan Ave., Indianapolis 7, 
Ind.) 


The authors have reviewed the plain roentgeno- 
grams of 610 cases of 12 commonly encountered le- 
sions of congenital heart disease and have correlated 
the findings with well over боо angiocardiograms. 
They found that aortic configuration was the key 
to recognition and differentiation of many primary 
types of congenital and acquired heart disease. It 
should be remembered that adults and children have 
different aortic configurations and, as a patient ages, 
there are continuous degenerative changes in the 
aortic wall so that there is a relative increase in aortic 
size. If the normal gradual increase is taken into con- 
sideration, the aortic size can be closely related to the 
volume and pressure of the blood entering the sys- 
temic circulation. 

In left to right shunts, the aortic configuration is 
valuable in differentiating patent ductus arteriosus 
from systemic pulmonary shunts, such as atrial and 
ventricular septal defects and anomalous pulmonary 
venous return. A patent ductus produces an enlarged 
aorta and a convex bulging on the lateral margin of 
the aorta immediately below the knob. The enlarge- 
ment is due to increased blood flow proximal to the 
shunt, while the convex bulge is due to localized tent- 
ing at the site of the ductus. As a rule, the systemic 
pulmonary shunts are not associated with enlarge- 
ment of the aorta. 

The aorta is usually enlarged in the tetralogy of 
Fallot and in tricuspid atresia without transposition 
of the great vessels. In the tetralogy, blood from 
both ventricles enters the aorta due to the pulmonary 
stenosis and the incomplete ventricular septum. Al- 
though the aorta often is enlarged in tricuspid 
atresia without transposition, it is frequently small 
when there is associated transposition. The authors 
state that aortic size has been the best diagnostic 
aid in differentiating these two conditions. 

The aorta is decreased in size in truncus arteriosus, 
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where only a single vessel leaves the heart, and in 
transposition of the great vessels, pulmonary ste- 
nosis and fibroelastosis. In. transposition, the aorta 
curves posteriorly in a wide curve in the sagittal 
plane, while in pulmonary stenosis the small size is 
due to decreased b ood flow. libroelastosis produces 
poor ventricular contractions with a decreased car- 
diac output and, as a result, the aorta is small. 
The aortic configuration in coarctation and aortic 
stenosis may be sufficiently characteristic to permit 
roentgen identification. With aortic stenosis there 
is dilatation of the ascending aorta which, on fluo- 
roscopy, shows a trpical systolic thrust. This thrust 
does not extend irto the transverse or descending 
aorta unless there 1s associated aortic insufficiency. 
[п coarctation, the ascending aorta is usually large 
but the transverse aorta is narrowed. As a result, a 
normal knob is rarely observed. The left subclavian 
artery 15 frequently enlarged and may mimic a nor- 
mal knob if it arises from a lower and more medial 
position than normal. The innominate artery also is 
trequently enlargec and, with the enlarged left sub- 
clavian artery, widens the mediastinum.—Edward 


B. Best, M.D. 


JorGENS, ЈоѕЕРН, BLANK, NorMAN, and WIL- 
cox, \№пллам A. The cinefluorographic de- 
tection and recording of calcifications within 
the heart; results of 803 examinations. 
Radtotogy, April, 1960, 74, 550-554. (Ad- 
dress: J. Jorgens, 176 Taylor Ave., Fort 
Snelling, St. Paul 11, Minn.) 


The authors describe the method of cinefluorog- 
raphy which they use in order to detect and localize 
calcific deposits in the heart. During the last two 
years, 803 cinefluorographic examinations were per- 
formed at the Minneapolis Veterans Administration 
Hospital. Most of the patients were males, between 
the ages of forty and seventy, who had been referred 
because of their cardiac symptoms. The accuracy of 
the cinefluorographic findings was corroborated in 
many instances at autopsy. 

Calcifications were discovered and localized as fol- 
ows: left coronary artery, 225; right coronary artery, 
58; combined coronary arteries, 38; ascending arch of 
iorta, 21; pulmonary artery, 1; mitral valve includ- 
ng annular area, 89; aortic valve, 103; aortic annu- 
us only, 3; combination of valves, 22; myocardium, 
го; pericardium, Ic; uncertain location, 11. 

The entire examination consists of 6 film se- 
juences, each one taken of a certain portion of the 
weart, with the patient in various positions. The 
‘otal radiation expcsure to each patient is about 20 r 
n air, delivered to a constantly changing skin field 
through a portal 4.75 inches in diameter. 

Accurate localizetion of any calcification in the 
leart 15 of importance to the surgeon who is con- 
‘emplating commissurotomy as it will aid him in his 
ipproach. It is the authors’ opinion that cinefluo- 
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rography is now the method of choice for detecting 
and localizing calcification.—-Donald N. 
Dysart, M.D. 


cardiac 


Parent, C. V., and ANAND, A. L. А fatal case of 
pneumopericardium; probably due to a 
patent pleuropericardial defect. Radiology, 
April, 1960, 74, 626-627. (Address: C. V. 
Patel, Khushaldas J. Mehta TB Hospital, 
Amargadh. via Songadh [Saurashtra], India.) 





Pneumopericardium is usually associated with a 
congenital pericardial defect, which is most com- 
monly located in the deep or "transverse sinus" and 
is the result of a too rapid growth of the lung bud, 
with an abnormal dilatation of the iter venosum of 
Lockwood. А defect may also be found with abnor- 
malities of the great vessels or ectopic lung segments. 

The authors present 1 case of pneumopericardium 
which resulted from the rupture of a tuberculous 
pneumonic cavitation into the interlobar pleural 
space. With the formation of an interlobar hydro- 
pneumothorax, there was a leakage of air into the 
mediastinum. Subsequently, through a patent pleu- 
ropericardial foramen, the air entered the pericardial 
cavity. This was followed by a pyopneumothorax 
which proved fatal. 

The diagnosis of air in the pericardium was obvi- 
ous on roentgenographic examination as an air- 
hlled sac encircling the cardiac silhouette. When 
there are lesser degrees of air present than in the 
case reported, it may be necessary to differentiate it 
from air in a mediastinal hernia. In pneumoperi- 
cardium, air does not rise above the normal limits 
of the pericardium in the erect position. Also, in 
mediastinal hernia there is alteration in the size with 
inspiration and expiration. —_W. M. McBride, M.D. 


ABDOMEN 


Corre, D. S. and Burcuer, S. К. Accidental 
pneumatic rupture of esophagus and stomach. 
Lancet, Jan. 7, 1961, 7, 24-25. (From: Green 
Lane Hospital and Auckland Public Hos- 
pital, New Zealand.) 


The authors present 2 cases of accidental pneu- 
matic rupture of the foregut—1 of the esophagus and 
г of the stomach. The case of rupture of the esopha- 
gus was due to the accidental discharge of a fire ex- 
tinguisher in the face of a man while he was talking; 
the rupture of the stomach occurred in an infant 
during the administration of О» via an intraoral 
catheter. 

As to the mechanism of rupture in the first case, it 
was speculated that, with a sudden rise in pressure 
in the mouth, the pressure was transmitted to the 
laryngopharynx and the respiratory passages with 
reflex closure of the glottis. The air then forced open 
the cricopharyngeal sphincter and produced sudden 
distention of the esophagus. The cardia failed to re- 
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lax, as it does in the slower coordinated reflex of 
swallowing, and the dilated esophagus ruptured. 
However, if the pressure builds up gradually, as in 
the baby, both the cricopharyngeal and cardiac 
sphincters relax and the stomach distends and rup- 
tures. 

On the other hand, with a sudden rise in pressure 
at the lower end of the foregut, as in the incoordinate 
vomiting associated with spontaneous rupture of the 
esophagus and also in abdominal crush injuries, it 1s 
the cardia which gives way and the cricopharyngeal 
sphincter which fails to relax. 

In both situations it is usually the lower left wall 
of the esophagus which ruptures, probably because 
it is less well supported in this area by surrounding 
structures. 

In giving oral or nasal О» via a catheter, a second 
catheter should be used as a safety valve. William 


C. MacCarty, Jr., M.D. 


SMAREGLIA, M., Faraco, P., and Bianco, A. 
Le neoplasie mesenchimali maligne del duo- 
deno (contributo clinico-radiologico). (Malig- 
nant mesenchymal neoplasms of the duo- 
denum [clinical and radiologic contribu- 
tion].) Azn. ital. di chir., July, 1960, 37, 559- 
£98. (From: Istituto di Clinica Chirurgica 
Generale e Terapia Chirurgica dell "Uni- 
versità di Roma, Rome, ltaly.) 


A series of 6 cases of sarcoma of the duodenum is 
presented and the pathologic, clinical and roentgeno- 
logic findings are described. 

l'rom an analysis of the literature it 1s rather diffi- 
cult to establish the real incidence of sarcoma of the 
duodenum, since in many cases the tumor is dis- 
seminated to other segments of the intestinal tract. 
In the opinion of the authors, to this date no more 
than 100 cases of sarcoma of the duodenum have 
been reported. 

It is interesting to note that, in earlier publica- 
tions, the incidence was equal in both sexes, while in 
the more recent literature it appears that males are 
more frequently affected than women. The lesion 
predominates in the second and third decades. The 
youngest of the patients here presented was nine- 
teen years of age and the oldest fifty-one. 

'The most common sites are in the third and fourth 
portions of the duodenum, although very rarely the 
lesion stops at the level of the ligament of Treitz, 
and not infrequently the whole duodenal loop is in- 
volved. The neoplasm may grow into the lumen of 
the duodenum, may be intramural, or may extend 
externally. Two types are recognized— the infiltrat- 
ing and the nodular type. 

The clinical findings, as for all neoplasms of the 
small bowel, do not present any specific pattern and 
the symptoms are vague, at least initially. There 
may be dyspepsia, general malaise, loss of weight, 
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anorexia and at times pain in the epigastric region. 
In the later stages an irregular elevation of tempera- 
ture may appear with diarrhea and vomiting and, 
eventually, symptoms develop which are more spe- 
cifically related to the type and site of the lesion and 
its complications, generally consisting of obstruc- 
tion and ulceration. 

The authors have classified this lesion into four 
types according to the main symptoms: (1) chronic 
stenosing type; (2) nonstenosing type; (3) icteric 
type; and (4) the type characterized by severe epi- 
gastric pain. The progress of the disease 1s divided 
in three periods: (1) latent period; (2) the period in 
which the clinical and physical findings become more 
definite; and (3) the period of "intoxication" which 
is related to the severely debilitated condition of the 
patient and the complications of the disease. 

The roentgenologic findings in a sarcoma of the 
duodenum depend largely on the macroscopic ap- 
pearance of the lesion, its site, and whether it is in- 
filtrating or stenosing, limited or diffuse. Ferri and 
Roncorini have described different roentgenologic 
findings in accordance with the type of the lesion: 
(1) infiltrating type—the part of the duodenum in- 
volved appears rigid and of irregular caliber and the 
normal mucosal pattern is altered, with the possible 
presence of small filling defects; there are no peristal- 
tic waves; (2) proliferative type—the lumen of the 
duodenum is increased; there are large filling defects 
and diminished elasticity of the walls is noted; the 
fine mucosal folds are replaced by gross tortuous 
plicae; ulcerations complicating this type of lesion 
are rare; and (3) mixed type—the filling defects are 
more evident; the walls of the involved duodenum 
are rigid and there is no peristalsis; the mucosal pat- 
tern is severely altered. 

The gastric emptying time remains within normal 
limits unless the lesion involves the whole duodenal 
loop and there is a stenosis at the level of the upper 
third of the duodenum. One might, however, observe 
the pooling of contrast medium in the segment in- 
volved, even hours after the ingestion of the barium 
meal, due to the changes in the mucosal folds and, 
in particular, to the lack of peristalsis. 

Another finding which has been described by sev- 
eral authors is presence of gas in the dwodenum at 
the level of the distal third and/or at the duodeno- 
jejunal angle. 

Cases have been reported also in which the only 
roentgen finding was a stenosis; while in others the 
only finding was an ulcerative process. 

In the differential diagnosis one has to consider 
that fibrosarcoma, leiomyosarcoma, melanosarcoma 
and neurofibrosarcoma do not deeply infiltrate the 
duodenal walls. A tuberculous lesion ef the duo- 
denum and jejunum might resemble a sarcoma, but 
in the latter case there are no signs of retraction and 
of multiple fluid levels tvpical of the tuberculous 
process. 

'The treatment is surgical, either radical with com- 
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plete removal of the lesion or, in advanced cases, 
palliative. А course of roentgen therapy should al- 
wavs follow the surgical intervention. The end re- 
sults are, however, rot satisfactory..-4. F. Govont, 


M.D. 


AXvGusTE, C., Tacquet, А., and Guerrin, F. 
Resultats du traitement du dumping syn- 
drome par la transplantation duodénale de 
l'anse efferente. ( Results of treatment of the 
dumping syndrome by duodenal transplanta- 
tion ef the efferent loop.) Arch. mal. app. 
digest., 1960, 49, 1103. 


After discussing the characteristics which help to 
distinguish the dumping syndrome from other early 
syndremes which may be observed in gastrectomized 
patients, the authors present the results of duodenal 
transplantation of the efferent loop in 15 cases of 
intense and prolonged dumping syndrome. 

Their conclusions are: (1) the corrective surgery is 
remarkably effective and the favorable result is ob- 
served as soon as feeding is begun. In the great ma- 
jority of cases the postprandial symptoms disappear 
permanently; in a few they may persist or reappear 
in a very mild form; (2) the disappearance of the 
dumping syndrome is followed in half of the cases 
by an increase in weight and strength, and in some 
cases by an increase in sexual activity. 

None of the patients operated upon, however, did 
fully regain the weizht they had before gastrectomy. 
Although duodena transplantation of the efferent 
loop greatly impreres their condition, it is evidently 
unable to compenszte for the loss of a portion of the 
stomach, 

No recurrence o^ the ulcer was observed even in 
patients who prev ously had duodenal ulcer. —©ну 


bot, M.D. 


Eprstery, BERNARD S. Simple distal ileal ob- 
struction. Radiology, April, 1960, 74, $81 
587. (Address: 270-05 76th Ave., New Hyde 
Park, L. L, N Т.) 


This study of the roentgenologic aspects of simple 
ileal obstruction was undertaken to assess the diag- 
nostic value of sceut roentgenograms and contrast 
examinations of the gastrointestinal tract. The symp- 
toms in the 14 patients studied were often ill- 
defined and had been present for intervals varying 
from two weeks to more than seven years. These con- 
sisted of intermittent borborygmi, mild or some- 
times severe abdominal cramps, nausea, distention, 
and oceasional regurgitant vomiting. The severity of 
these symptoms cepended upon the degree of ob- 
struetion and upon the rapidity of the block of the 
normal flow of bowel contents. 

It was found that the scout roentgenograms did 
not always provide accurate information, as the find- 
ings were often normal when the ileal obstruction 


Abstracts of Radiological Literature 


1161 


was not symptom-producing. When symptoms were 
present, a wide variation was found in the patterns 
of the small and large bowel, and both often con- 
tained considerable gas. In some patients, the gas 
and fluid distention of the ileum offered a clue to the 
diagnosis of distal small bowel obstruction. 

Seven patients were studied with the use of a 
barium meal; 3 had both barium studies and exami- 
nations with water soluble contrast media, about 
бо cc. of either hypaque or gastrografin taken orally; 
and 4 had examinations with the water soluble con- 
trast medium only. Partial ileal obstruction was di- 
agnosed wher a water soluble medium was retained 
in the dilated distal small bowel for more than three 
hours, as this type of medium normally has а con- 
siderably more rapid transit time through the bowel 
than barium. These contrast studies permitted in 
some instances the accurate localization of the ob- 
struction and identification of the various dilated 
loops of bowel. Either barium or water soluble con- 
trast enema examinations were done in 7 patients 
when the oral studies did not permit a diagnosis. 

All of the 14 patients were operated upon. The 
causes of the ileal obstruction were: adhesive bands 
and kinking due to adhesions in $, stenotic ileitisin с, 
neoplastic disease with extrinsic pressure and partial 
obstruction of the ileum in 3, and an intrinsic ileal 
carcinoma in т. In most of the patients, the bowel 
proximal to the obstruction was found to be hyper- 
trophic and dilated due to the slowly progressive 
block. In those with a more rapid cinical course 
leading to an unrelieved block, the bowel was dilated 
and thinned. 

In genera! the clinical and roentgenologic identi- 
fication of simple small bowel obstruction depends 
mainly on the location, rate of progression, and the 
persistence of the block. The author concludes that 
scout roentgenograms can be rather deceptive and 
that both barium studies and examinations with 
water soluble contrast media can be quite helpful in 
the investigations for ileal obstruction.— Donald М. 
Dysart, M.D. 


Picanp, R., Hoggav, J., соплом, J., KERNEIS, 
J. P., and Rosin, C. Réticulo-plasmocytome 
solitaire du méso-colon transverse avec 
amylose local et général. Guérison apparente 
deux ans après l'exérése. (Solitary reticulo- 
plasmocytoma of the transverse mesocolon 
with local and generalized amyloidosis. Ap- 
parent recovery two years after exeresis.) 
Presse méd., 1960, 08, 2002-2003. (Address: 
R. Picard, Clinique médical А du C.H.R. de 
Nantes, Nantes, France.) 

The authors relate an exceptional case of solitary 
reticuloplasmocytoma without bone localization, 
without infiltration of the bone marrow by plasma 
cells, and without increase of serum-globulins. The 


1162 


diagnosis was made only after exeresis of the tumor 
necessitated by frequent and abundant intestinal 
hemorrahges which could have been кта] for this 
twenty year old girl. 

The histologic examination showed a local amy- 
loidosis of the lymph nodes associated with amyloi- 
dosis of the spleen which was very enlarged, of the 
liver and of the kidneys. 

Cytologically, the tumor was composed of mature 
and immature plasma cells and of youag reticulum 
cells (hemohistioblasts). The plasma cells were es- 
pecially numerous around areas of amyloidosis, indi- 
cating the part played by the pyrinophil « cells in the 
pathogenesis of amyloidosis. 

Very few similar cases have been found in the 
literature. In the published cases a bone localization, 
an increase of serum globulins or an infiltration of 
bone marrow by plasma cells occurred only six to 
ten years after the onset of the disease. Therefore, 
some authors believe that this form of plasmocy- 
toma is of a low grade malignancy, far less malignant 
than the classic Kahler's disease. 

In the authors' case the recovery was spectacular 
after exeresis and persists now for 2 vears and 9 
months without amyloidosis. The patieat has mar- 
ried and had a normal delivery in December, 1960. 


—Guy Albot, M.D. 


FARRELL, THomas E., and WELDON, WILLIAM 
V. A comparative study of bunamiodyl 
(orabilex) and iopanoic acid (telepaque): a 
clinical report on 200 cases. Sowh. M. F., 
Jan., 1961, 54, 54-56. (From: Radiology 
Service, Walter Reed General Hospital, 
Walter Reed Army Medical Center, Wash- 
ington, D. C.) 


Alternate patients were given 4.5 gm. of bunami- 
odyl (orabilex) and 3.0 gm. of iopanoic acid (tele- 
paque). The number of patients showing side effects 
was significantly smaller with orabilex. The inci- 
dence of diarrhea was 9 per cent as opposed to 35 
per cent with telepaque. Abdominal cramos occurred 
in only 6 per cent of the patients given orabilex as 
compared with an incidence of 25 per cert following 
telepaque. Orabilex causes less nausea anc leaves less 
colonic residual, while producing slightly better 
visualization of the gallbladder and bile cucts. 

The authors conclude that orabilex is che best of 
the currently available media for oral clolecystog- 


raphy.— 7. L. Williams, M.D. 


SHEHADI, Wittram H. Roentgenologic observa- 
tions in cases of fistulae of Бегу tract. 
J-A:M.A., Dec., тобо, 774, 2204-2208. (Ad- 
dress: 1348 Midland Avenue, Bronxville, 


New York.) 


Fistulae of the biliary tract may be external or in- 
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ternal. With present-day standards of the practice of 
medicine and surgery, external biliary fistulae have 
become quite rare. They should present no special 
diagnostic problem as they can be readily recog- 
nized, and injection of a radiopaque contrast medium 
will outline the fistulous tract. Internal fistulae may 
be spontaneous or may follow biliary tract surgery. 

The author reports on 18 cases of internal biliary 
fistulae, in all of which a characteristic gas pattern 
was observed in the biliary tract on routine roent- 
genograms of the abdomen. The presence of air in 
the biliary tract is considered unequivocal evidence 
of an abnormal communication between the biliary 
and gastrointestinal tracts. A rare exception to this 
is incompetence of the sphincter of Oddi. No differ- 
entiation can be made on the plain roentgenogram 
between spontaneous internal biliary tract fistulae 
and those due to other causes. Acute gaseous chole- 
cystitis should not pose a problem in differential 
diagnosis, since in this condition gas is in the gall- 
bladder and possibly in the cystic duct, to the exclu- 
sion of the hepatic and common bile ducts. Further- 
more, the patient is acutely ill. With incompetence 
of the sphincter of Oddi, reflux of barium from the 
gastrointestinal tract usually occurs and outlines the 
biliary tract. 

The finding of a “frothy” pattern of air in the up- 
per portion of the liver is considered a characteristic 
finding in the presence of an abnormal communica- 
tion between the biliary and gastrointestinal tracts. 
This usually occurs in the tertiary, or minute, biliary 
radicles, and rarely in the dependent radicles.— 
Douglas S$. Kellogg, M.D. 


PERILLI, L., and Fantini, E. Sulle calcificazioni 
pancreatiche studiate con la pneumostrati- 
pancreatografia. (Pneumostratigraphy of the 
pancreas in the study of pancreatic calcifica- 
tions.) Radiol. med., Sept., 1960, 46, 834- 
542. (From: Ospedale Civile di Pescara, 
Italy.) 


Pneumolaminagraphy of the pancreas, first de- 
scribed by Macarini and Oliva in 1957, consists of 
the visualization of the retroperitoneal spaces by 
presacral air insufflation, while the stomach is out- 
lined by gas, following the ingestion by the patient 
of any carbonated beverage. Laminagrams are then 
taken with the patient in the anteroposterior and 
lateral positions. 

Three cases are described and in 2 the roentgen 
findings were confirmed at surgery. The first case 
presented a single calcification which only after 
pneumolaminagraphy could be accurately located in 
relation to the superior border of the body of the 
pancreas. In the remaining 2 cases the calcifications 
were small and were diffused through almost the 
entire рапсгеаѕ. 77. F. Govoni, M.D. 


Vor. 8z, No. 6 


GYNECOLOGY AND OBSTETRICS 


Souisu, С. I., Masterson, J. G., and HELL- 
wan, L. M. Pelvic arteriography in ob- 
stetrics. Am. J. Obst. < Gynec., Jan., 1961, 
8r, 27-66. (From: The State University of 
New York Downstate Medical Center and 
the Kings Coanty Hospital, Brooklyn, N. Y.) 


Pelvic arteriography was done on 20 obstetrical 
patients, The procedure was found to be of value in 
localization of the placenta in both intrauterine and 
extrauterine pregnancies and could be used to dis- 
tinguish between. the two. No complications. oc- 
curred. Radiation exposure to the fetal area was not 
great. 

The method used was percutaneous injection of 
the femoral artery on the side where the placental 
souffle was heard. Prior to the injection, pneumatic 
cuffs were placed around both thighs and were in- 
Rated to obliterate the dorsalis pedis pulse. Three 
serial arteriograms were generally taken at one sec- 
ond intervals starting just before completion of the 
injection of 20-53 ml. of 60 per cent renografin, 

The placenta is identified by the appearance of 
the contrast mecium in the intervillous space, giving 
a “cotton ball" configuration. At times, the coiled 
arteries may be seen entering these spaces. The ex- 
trauterine pregnancy is diagnosed by the absence of 
the spiral arteries leading to the placental sinuses and 
the incependence of the coiled arteries in the small 
uterus from the placenta.— George A. Miller, M.D. 


BERNSTINE, RicHarp L., Nevson, James H., 
Jr, Garcia, Мїсноьлз A., 111, Husron, үр 
Wirson, and GagTENLAUB, CHARLES. Use of 
femoral arteriography in assessment of 
bleeding in pregnancy. Am. ў. Obst. < Gynec., 
Dec., 1960, 80, 1161-1167. (From: Depart- 
ments of Obstetrics and Gynecology and 
Raciology, United States Naval Hospital, 
Se Albans, К. Y.) 


The use of percutaneous retrograde femoral arteri- 
ography has been studied for the past three years. 
The value of ths technique in bleeding in all stages 
of pregnancy wes recognized. As a result, an intense 
survey of all cases of bleeding in pregnancy over a 
six month perioc was made. The details of this survey 
serve as the bas s of this article. 

If ne local cause of bleeding is found in those in the 
last half of pregnancy, a percutaneous retrograde 
femoral arteriography is done. 

The femoral artery is injected at the inguinal 
ligament. Immediately prior to performance of the 
artericgraphy the pressure cuff is inflated well above 
systolic pressure and 30 cc. of the contrast material 
is injected as rapidly as possible (approximately 
within two secends). The tourniquet is released 1m- 
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mediately upon conclusion of the injection. Roent- 
genograms are obtained three and fifteen seconds 
after comp'etion of the injection. If the placenta is 
seen to be low-lying on the anteroposterior projec- 
tion, a seeond injection is made and a lateral film 
obtained at three seconds. The lateral projection 
gives more precise localization of the placenta. 

The sabent features are: (1) the determination of 
the preserce of the placenta. In all the cases of this 
series, regardless of gestational age, it was possible to 
demonstrate placenta arteriographically; (2) the 
localization of the placenta. The accurate position 
and extert of the placenta can be determined by 
arteriography at all stages of pregnancy and regard- 
less of fetal presentation. The authors use the antero- 
posterior roentgen projection to determine whether 
any portion of the placenta lies within the true 
pelvis. The lateral projection is used only to deter- 
mine the exact localization of the placenta found 
within the true pelvis; (3) the determination of the 
presence of abruptio placentae. Prior to this study 
the diagnosis of abruptio placentae could only be 
inferred by clinical signs. During the course of this 
study, a previous isolated observation was confirmed, 
namely, pooling of contrast material in extravascular 
spaces. By pooling is meant a discrete oval accumula- 
tion of medium which is characteristically observed 
on the film exposed fifteen seconds after injection. 
This finding is to be distinguished from the irregular, 
patchy accumulations of medium seen three seconds 
after injection which are characteristic of placental 
sinusoids. — Eugene ў. McDonald, M.D. 


Visscuer, R. D., and Baker, W. S., Jr. Iso- 
tope localization of placenta in suspected 
cases of placenta previa. dm. J. Obst. & 
Gynec, Dec., 1960, So, 1154-1160. (From: 
Obstetrical and Gynecological Service, 
United States Naval Hospital, San Diego, 
Calif.) 


The conservative management of placenta previa 
during the past few years has resulted in a substan- 
tial decrease in perinatal deaths that were attributed 
to premature delivery and resultant immaturity. 
This objective has been accomplished by allowing 
most patients to proceed in their pregnancy to as 
close to the thirty-eighth week of gestation as pos- 
sible befere actively interfering by vaginal examina- 
tion to determine the presence of a low-lying placenta 
or placenta previa. 

The patients selected for study are given 5 ис of 
radioiodinated human serum albumin in the ante- 
cubital vein. Care is taken so that neither the patient 
nor the operator is contaminated with radioactive 
material. A ten minute period is allowed for the 
isotope to mix thoroughly with the blood. During 
this time the abdominal surface over the gravid 
uterus is divided into 12 approximately equal sec- 
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tions. This is accomplished by measuring the height 
of the fundus above the symphysis and dividing this 
area into 4 equal horizontal parts. Each horizontal 
part is then divided into thirds, resulting in a total of 
12 sections. A mark is placed in the center of each 
section, over which the counter is centered. The 
xyphoid process is also marked and this is wsed as a 
reference point. 

A scintillation detector with a sodium iodade crys- 
tal and wide-angle aperture is used to detect the 
gamma radiation from the injected radioactive mate- 
rial. 

The position of the placenta is describe! graphi- 
cally and is stated to be in the fundus or lowersegment 
and on the anterior or posterior wall. When the 
placenta is localized in the lower uterine scement, it 
cannot accurately be determined if it is a low-lying, 
partial, or total placenta previa. 

The radioiodinated serum albumin is a commerical 
product readily available and relatively inexpensive. 
It has a half life of eight days and has to be renewed 
about every two to four weeks. The combined radio- 
iodide protein molecule behaves biologically as the 
human serum albumin from which it is derived. This 
material mixes completely with the circulating blood 
within ten minutes. After one hour, appreciable 
amounts of the radioactive material start to mix with 
the extravascular fluid and also begin to undergo 
metabolic degradation. Therefore, the counts should 
be taken from ten minutes to one hour after the 
radioactive substance is injected into the vein, 

Although the ultimate evaluation of the diagnostic 
reliability of this technique will depend upon more 
extensive clinical trials, preliminary study of $1 cases 
indicates that there has been a high degree of diag- 
nostic accuracy. Placental site localization by this 
method proved to be 100 per cent accurate in all 
cases of repeat cesarean section and in patients in 
whom the placenta was localized in the lower uterine 
segment. The one equivocal result occurred in a 
patient with third trimester bleeding who was de- 
livered vaginally.—Engene Y. McDonald, M.D. 


SHOSS, MirroN, and Knarz, PauL E. Placental 
localization with use of radioactive iodinated 
human serum albumin. dm. J. Obst. © 
Gynec., Dec., 1960, So, 1168-1172. (From: 
St. Francis Hospital, Cape Girardeau, Mo.) 


The basis for the study and the use of radioactive 
iodinated human serum albumin is that the placenta 
represents a pool of blood where the isotope «ccumu- 
lates in quantities comparable to that in the heart as 
long as the isotope remains in the circulation. The 
material is injected intravenously and allowed to mix 
with the blood in the entire cardiovascular system, 
and counts are obtained over the various portions of 
the uterus as well as over the heart with use of a 
collimator attachment on a scintillation counter. 

Counts were obtained over 12 areas outlined on the 
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uterus. Counts were also obtained in the right and 
lett Hanks with the collimator almost perpendicular 
to the spine in both of these areas. These two areas 
for counting were thought to be of value in the 
localization of the placenta posteriorly. 

The authors feel that this is a preliminary report 
which is not statistically valid because of the small 
number of cases. However, a trend is indicated. They 
feel this method has been shown to be sufficiently 
accurate, safe, and easy to justify as an addition to 
the armamentarium of the obstetrician. The test 
should complement but not replace existing methods 
of placental localization including roentgenographic 
examination. The one error in vertical localization 
has been partially explained and probably could have 
been avoided by the use of sufficiently active radio- 
active material, 

Lateral localization was less than ṣo per cent 
accurate but does not lessen the value of the proce- 


dure in determining placenta previa. — Eugene Ta 
McDonald, M.D. 


GENITOURINARY SYSTEM 
Fergusson, J. D., and Srevenson, J. J. X-ray 
television in urology. Brit. ў. Urol, Dec., 
1900, 32, 484-490. (From: St. Peter s, St. 
Paul's, and St. Philip's Hospitals, and Cen- 
tral Middlesex Hospital, London, England.) 


The capability of directing an instrument during 
a surgical procedure to any part of the urogenital 
system which can be visualized roentgenographically 
has been achieved by linking a television camera and 
an image intensifier. The roentgen-ray image is 
transmitted to monitor screens in the x-ray depart- 
ment and operating theater. The localization and 
exploration of otherwise obscure urogenital lesions are 
made possible. 

Suggested applications for this procedure are: 
routine retrograde pye'ography; selective biopsy of 
roentgenographically demonstrated bone lesions as 
well as urologic lesions; diagnostic aspiration of 
"solitary" renal cysts; localization of small kidney 
stones at the time of operation; extraction of ureteric 
calculi; and implantation of radioactive gold or 
yttrium into the pituitary (in cases of advanced 
metastasizing cancer).—JPi/liam C. MacCarty, Fr., 


M.D. 


PvgaH, L. N., and Норскіхѕох, А. Nephro. 
calcinosis. Brit. J. Urol., Dec., 1960, 32, 361- 
373. (From: Department of Urology, Uni- 
versity of Leeds, and Metabolic Disturb- 
ances in Surgery Research Unit, General 
Infirmary at Leeds, England.) 

In this paper, nephrocalcinosis is a strictly defined 
and limited diagnosis applied to roentgenographic- 
ally visualized calcification in specific diseases. The 
calcium is found in or near the epithelial cells of the 
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collecting tubules and may ultimately form cal yceal 
stones, causing clinical symptoms of pain and hema- 
turia. Specifically ruled out as causes of nephrocal- 
cinosis are such entities as diffuse laminar calculi 
found in infected kidneys, recumbency calculi sec- 
ondary to spinal injury, dystrophic calcification of 
tuberculosis and dystrophic calculi secondary to 
polycystic kidney. 

The authors include 76 cases of their own and 91 
cases from a previously reported series (Mortensen 
and Emmett, 19:4). The disease is bilateral in the 
great majority o cases (88 per cent) and may be 
found in either sex between the ages of twenty-one 
and fifty. The most common symptom was renal 
colic, with backache and hematuria less commonly 
reported. Often, voided calculi were the presenting 
symptom. In some cases, presenting symptoms were 
referable outside the urinary tract, such as patho- 
logic fracture, ulcer, coma or paralysis. In about half 
of the cases, nephrocalcinosis was combined with the 
presence of an actual calyceal or pelvic stone. 

It is suggested that these patients receive a com- 
plete general as well as urologic work-up, including 
roentgenography of the osseuos system, laboratory 
studies of the blood chemistry and evaluation of the 
diet in detail. Roentgen examination reveals spotty 
calcifications around the renal pyramids which may 
be associated with calculi and which vary in size 
according to the basic disease. 

In the present series, the most common cause of 
nephrocalcinosis was found to be renal acidosis, with 
hyperparathyroidism as a close second. Other less 
common causes mcluded pyelonephritis, milk-alkali 
syndrome, hyperoxaluria, and medullary sponge 
kidney. In the previous series (Mortensen and 
Emmett, 1954), byperparathyroidism was by far the 
the most commen cause, with acidosis second. In 
both series, a smnificant percentage of cases was 
classified as idiopathic. 

Each entity is discussed in detail, with accompany- 
ing roentgenogriphic reproductions and tables. 


—W illiam C. MacCarty, Tr., M.D. 


I LEISCHNER, lELIx G., BELLMAN, SVEN, and 
HENKEN, E. M. Papillary opacification in 
exeretory urography; the so-called pyelo- 
tubular reflux. Radiology, April, 1960, 74, 
£67-572. (Address: F. С. Fleischner, Beth 
Israel Hospital, 330 Brookline Ave., Boston 
15, Mass.) 


Various tvpes of pyelorenal reflux have been 
observed during retrograde pyelography and have 
been termed pyelotubular, pyelovenous, pyelolym- 
phatic, pyeloparenchymal, subcapsular, and peri- 
pelvie reflux. On y pyelotubular reflux is true back- 
flow since the other types are the result of traumatic 
rupture. Within recent years similar types of reflux 
have been observed during excretory urography, 
without adequate explanation. One such type, sup- 
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posedly due to pyelotubular reflux during excretory 
urography, presents a "brush-like" cpacification of 
the renal papillae which gradually fades out toward 
the base of the pyramids. 

The authors state that the explanations for dilata- 
tion of the tubules and stasis in the renal pelvis are 
inadequate and that the condition is not due to 
pyelotubular reflux. It can be explained, according to 
modern concepts of renal water metabolism, by final 
water resorption and concentration of urine in the 
collecting tubules and papillary ducts. Briefly, the 
kidney has been shown to have areas of equal osmotic 
pressure, arranged in concentric shells with the tip of 
the papillae as the central point of highest osmotic 
pressure. Therefore, these conditions in the papillary 
tissue provide a gradient for absorption of solute-free 
water from the collecting tubules. 

These principles were corroborated experimentally 
by the use of hypaque injections in rabbits. After 
injection, the kidneys were removed, and microroent- 
venography of the sliced kidney showed greatest 
opacity in the papillae of the pyramid. 

The authors conclude that the roentgen appear- 
ance of the so-called "brushes" is not a sign of a 
morbid condition but is rather a reflection of norma! 
renal function. Edward D. Best, M.D. 


Evans, lonn A., HarrkRN, Мокресат, and 
hinspy, NATHANIEL. Diagnosis of kidney 
cancer; an analysis of тоо consecutive cases. 
TAMA Jan. 21, 175. 201-204, 
(From: Department of Radiology, the New 
York Hospital Cornell Medical Center, 
New York, N. Y.) 


Clinical, pathologic, and roentgenologic findings 
were correlated in 100 consecutive patients with 
primary renal cancer. In 97 patients the tumor was 
due to hypernephroma. The classic triad of hema- 
turia, pain, and mass was present in only то to 15 
per cent cf the cases. Fifty-eight patients had gross 
hematuria and 15 had a palpable mass. Pain was 
present ir less than 20 per cent. One-third of the 
patients had no clinical indications of renal disease. 
A Papanicolaou test of the urine was performed in $5 
cases of kypernephroma and was negative for evi- 
dence of malignancy. Conventional roentgenographic 
studies were available in gt patients and were 
entirely normal in 6. Fifty-eight patients had an 
enlarged kidney ога mass. Calyceal abnormality was 
seen in бо patients and calcification was present in 7. 

Conventional urographic studies were not reliable 
in differentiating between renal cyst and malignant 
tumor but nephrotomography enabled the authors to 
make the correct diagnosis in a high percentage of 


саѕеѕ. f. L. Williams, M.D. 
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Dotiery, C. T. (London, England.) Detection 
of unilateral renal disease in hypertension 
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with diodrast 1. Proc. Roy. Soc. Med., 
Nov., 1960, 53, 969-972. 


The author points out that the search for renal 
disease in patients presenting with hypertension is an 
important part of their investigation and is particu- 
larly rewarding when disease is discovered which is 
confined to one kidney. Reports of large series of 
patients with renal artery abnormalities causing 
hypertension have shown that more than one-half of 
these patients can be cured by nephrectomy or 
arterial reconstruction. However, finding them is a 
considerable problem in screening. 

A considerable amount of work has been done by 
Winter and associates in the study of renal function 
using urographic contrast media labelled with I", 
In attempting to reproduce Winter’s results, it was 
found that the curves recorded from the area of the 
right kidney usually showed a higher counting rate 
than those obtained from the left side and there was 
often only a small fall from the peak counring rate. 
This led to the suspicion that the liver might also 
concentrate the radioactive diodrast and contribute 
to the counting rate on the right side. A series of 
experiments showed that this was indeed the case. 
Various methods were tried in attempting to elimi- 
nate the liver background contribution, bu- none of 
the modifications tried entirely overcame it. The 
ideal solution to this problem would be a substance 
that was concentrated in the kidney but not in the 
liver. The use of I?! labelled hypaque is now advo- 
cated as there is apparently little uptake in the liver. 
This is an advantage, but it appears that this is more 
than out-weighed by errors in measuremeat which 
are inherent in such a slow concentration within the 
kidney, as is the case with hypaque. 

The author believes that this technique is unsuit- 
able as a screening test, but it is hoped that the use of 
other chemical compounds or alterations in technique 
may surmount some of the difficulties.— Dorglas S. 


Kellogg, M.D. 


NERVOUS SYSTEM 


Harr, Hangorp, WkiNsTEIN, CHARLES E., and 
KRUEGER, Ёкїсн G. Larger volume panto- 
paque lumbar myelography. Radiology, April, 
1960, 74, 605-610. (Address: Н. Haft, 175 
Eastern Parkway, Brooklyn, N. Y.) 


The authors selected for lumbar myelography 30 
patients who had clinical evidence of radiculitis 
involving the L-4, L-5 and S-1 spinal nerves. They 
were divided into 3 equal groups according to the 
quantity of pantopaque, 6, 9, or 12 cc., introduced 
into the subarachnoid space. The interval from the 
time of the first myelogram to completion of the 
examination, the time necessary to withcraw the 
medium, and the quantity of the medium remaining 
in the subarachnoid space were recorded. 

These data demonstrated that the exa nination 
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takes less time with larger volumes of the contrast 
medium; the quality of the myelograms is better 
diagnostically and technically; the medium may be 
removed more quickly and easily with less remaining 
in the subarachnoid space, causing less discomfort to 
the patient; and there is probably less radiation to 
the patient and the physician because of the shorter 
time required. This study indicates that 9 cc. is the 
optimum volume for lumbar contrast myelography. 
The authors believe that the generally held concept 
that volumes of pantopaque greater than 6 сс. 
should not be used is false —W. M. Mc Bride, M.D. 


SKELETAL SYSTEM 
Kesster, l., and SILBERMAN, Z. Experimental 
study of radiocarpal joint by arthrography. 
Surg., Gynec. < Obst., Jan., 1961, 772, 33-40. 
(From: The Department of Traumatology, 
Central Clinic, "Zamenhoff," Tel-Aviv, Is- 
rael.) 


This work is based upon a study of arthrograms of 
6o wrists from anatomic specimens, and of arthro- 
grams performed in 24 cases of various injuries in the 
wrist joint area. The study was made primarily with 
reference to the radiocarpal articulation or wrist 
joint. This is the joint between the proximal row of 
carpal bones and the articular surface of the radius 
in conjunction with the triangularfibrocartilage. From 
the anatomic point of view this joint isa separate one. 
Communication between the radiocarpal joint and 
the intercarpal joints is possible but is said to be a 
rare occurrence. 

In two specimens a fresh tear appeared as a fissure 
and histologic examination revealed early degenera- 
tive changes in the cartilage. In some the form of the 
tear was round (showing persistence) and the histo- 
logic examination revealed advanced degenerative 
changes. In this study there was a communication 
between the radiocarpal and intercarpal joints in 4 of 
the 24 clinical cases, and in о of the бо anatomic 
specimens. This is about the same percentage in 
both groups. 

It is noted that thickening of the contrast line of 
the opaque medium injected in the respective place 
of a particular bone indicates damage of its articular 
surface. This will enable early diagnosis of post- 
traumatic intra-articular changes before they can be 
seen on simple roentgenograms. 

Details of the technique of injection of the contrast 
medium into the radiocarpal joint are discussed, and 
reproductions of photographs and roentgenograms 
are included. Douglas S. Kellogg, M.D. 


VaRnabARAJAN, M. G., and DANIEL, ARTHUR. 
Myositis ossificans progressiva. Current Med. 
Prac., Oct., 1960, 4, 520-528. (From: Barnard 
Institute of Radiology, the Government 
General Hospital, Madras, India.) 
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The roentgen studies of 3 cases of myositis ossifi- 
cans progressiva are presented by the authors with 
the case report of 1. 

The calcifications in the soft tissues in Case I were 
in the neck aad thoracic areas; Case 11 showed 
calcification in the neck, axillae, and thoracic areas; 
and Case 11 showed calcification in the neck, right 
axilla, lumbar and thigh areas. 

A thorough review of the possible clinical course, 
roentgen findings, and the differential diagnosis in 
myositis ossificans progressiva is given. George aA. 


Miller, M.D. 


BLe@op AND LYMPH SYSTEM 


Tort, G., and Ganvsr, G. F. Ventricolografia 
cardiaca sinistra retrograda mediante cate- 
ter smo arterioso femorale percutaneo. ( Ret- 
rograde le't cardiac ventriculography Бу 
percutaneous femoral artery catheterization. ) 
Radiol. med., Sept., 1960, 46, 801-823. 
(From: Istituti di Radiologia e del Radio 
della Università di Bologna, Italy.) 


Retrograde arteriography of the heart using per- 
cutaneous arterial catheterization was first advo- 
cated by Peirce in 1951, but it was Seldinger who 
perfected a teehnique which, with minor changes, 
has now been generally adopted. 

Satisfactory results obtained with this procedure 
аге mainly reported in the French literature. In 
Italy, Tori and Garusi and in the United States 
Amplatz and ais co-workers and Dotter also have 
adopted this procedure with satisfactory results. 

The equipment and the technique are described in 
detail and the atter is more or less the one used by 
Dotter. The contrast medium (acetiodone $0 per 
cent or hvpacue so per cent) is injected in the 
amount of до to bo cc. by an automatic injector. 
Roencgenograms are taken using a Schónander bi- 
plane film changer with simultaneous exposure in the 
two sagittal panes at the rate of 2 to 4 films per 
secon 1. 

The indications for the use of the method and its 
results are discussed with particular emphasis on the 
roentzen demenstration and the evaluation of con- 
genital or secondary abnormalities of the left side of 
the heart. Several roentgenograms show the value of 
the procedure in the visualization of patent ductus 
arteriosus, primary cardiomegaly, mitral insuff- 
ciency (simple or complicated), mitral stenosis with 
possible sclerosis of the aortic valve, aortic insufh- 
ciency, and acrtic stenosis and insufficiency associ- 
ated with mitral insufficiency. 

In particular, the authors applied the procedure to 
22 patients with mitral disease. Twelve were attected 
by mitral stenosis, confirmed by surgery. Of the 10 
cases demonstrating stenosis and insufficiency, $ 
were operated upon and the regurgitation was con- 
firmed. 
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The conclusions reached by the authors are the 
same as those presented by Dotter. The method 1s 
"a reasonably safe, simple and effective procedure 
for obtaining detailed anatomic and physiologic 
information of investigative and clinical. impor- 


tance."— 4. F. Govoni, М.Р. 


Griinert, R. D. Lebervenenkatheterung und 
Splenoportographie in der Diagnostik des 
portalen Hochdrucks. (Catheterization of the 
hepatic vein and splenoportography in portal 
hypertension.) Chirurg, Dec., 1960, 37, 534- 
539. (From: Chirurgische Universitatsklinik, 
Abteilung für Thorax- und Herz-Gefass- 
chirurgie, Gottingen, Germany.) 


A report is given evaluating the results of cathe- 
terization of the hepatic vein and splenoportography 
on patients with portal hypertension. Often, the final 
diagnosis was made by using splenoportography and 
splenomanometry only. The method is simple and no 
post-examination hemorrhage was encountered. 

Catheterization of the hepatic vein is of value for 
the differential diagnosis of liver diseases and is 
recommended under the following conditions: (1) if 
the spleen is inaccessible; (2) if the spleen has been 
removed; (3) if there is no demonstration of the 
portal svstem with splenoportography and if it is not 
clear whether this is due to a technical failure or to 
portal pathology; and (4) in combination with car- 
diac catheterization if the liver is enlarged and the 
presence of pericarditis constrictiva 15 suspected. 
Furthermore, a catheterization of the hepatic vein 
should be done in cases of a partial prehepatic block in 
order to determine whether there is hypertension 
bevond the point of constriction. 

This report is based on catheterization of the 
hepatic vein in 45 patients. Eckart Schackow, M.D. 


GENERAL 


VvoRINEN, P., and SÄRKKÄ, E. Recording of 
the blurring effect due to the vibrations 
(lost motion) in a linear tomograph. Ra- 
diology, April, 1960, 74, 628-632. (Address: 
P. Vuorinen, University Central. Hospital, 
Turku, Finland.) 


The authors present a method for studying the 
vibration (lost motion) phenomenon in a linear lam- 
inagraph (Siemens Universal Planigraph). 

An electrokvmograph with roentgen rays from the 
focal spot of the laminagraph tube and a radiosensi- 
tive photocell as a substitute for film was used to 
determine the blurring effect produced by the vibra- 
tion (lost motion) of the machine. The longitudinal 
vibration and that perpendicular to it, transverse 
vibration, were both recorded. During the move- 
ment, longitudinal vibrations of only 0.5 to 0.6 mm. 
and transverse vibrations ranging from 0.4 to O.5 


1168 


mm. were recorded. Thus, no remarkable dtterence 
between the transverse and longitudinal v bration 
(lost motion) was observed. This is thought by the 
authors to be due to a real lost motion, such as that 
produced by the chains and toothed wheels of the 
driving mechanism, whereas the greater stoggering 
in the longitudinal direction is due to true inertia. 
The unintentional blurring due to this eflect was 


believed to be insignificant in sturdily built machines. 
— Yohn S. Alexander, M.D. 


GERSHON-COHEN, J., and Moore, Loutra. 
Roentgenography of giant fibroadenoma of 
the breast (cystosarcoma phylloides). Ra- 
dtology, April, 1960, 74, 619-625. (Address: 
J. Gershon-Cohen, York and Tabor Roads, 
Philadelphia 41, Pa.) 


Cystosarcoma phylloides, a rare, giant orm of 
intracanalicular fibroadenoma, usually occurs as a 
large, nodular, almost entirely encapsulatec breast 
tumor. The authors discuss 9 such cases with the 
roentgenographic findings of each and they conclude 
that roentgenographic aid in the diagnosis of such 
tumors can be substantial but the findings ire not 
pathognomonic. 

On the roentgenogram, these tumors appear 
sharply outlined with smooth contours which may be 
lobulated. These masses must be differentiated from 
fibroadenomas, cysts, and circumscribed carc nomas. 
If flaky calcium deposits are seen in a discree, uni- 
formly dense mass, then the diagnosis of fi»roade- 
noma is most likely. If a homogeneous mass has 
borders that are not sharp, and if the surrounding 
tissues are indistinct due to edema or infil ration, 
then the possibility of cancer must be enterta ned. 

Since cystosarcoma phylloides is considere 1 to be 
a benign condition, radical therapy is indicated only 
when malignant changes are found by the pathol- 
ogist. The authors believe that such changes should 
also be looked for by the roentgenologist.— “ohn S. 
Alexander, M.D. 


RADIATION THERAPY 


pv Mesnit ре RocHemont, R., and lLavru, 
G. Beitrag zur Klinik und Therape des 
solitaren und metastasierenden Bronch alkar- 
zinoids. (The clinical picture and therapy of 
solitary and metastasizing bronchial car- 
cinoids.) Strahlentherapie, Sept., 196c, 775, 
1-31. (From:  Universitáts-Strahler Klinik 
und Poliklinik, Marburg, Lahn, Germanv.) 
The authors review 4 of their patients wita bron- 
chial carcinoid and they discuss the clinical picture 
and pathogenesis of solitary and metastasizin z bron- 
chial carcinoids. Endocrine effects occur with bron- 
chial, as well as intestinal, carcinoids. 
The treatment of choice is still early resection of 
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the tumor. However, both the tumor and its metas- 
tases regress with adequate irradiation (д, оо r 
tumor dose). Cytostatic therapy alone is ineffective. 
The fate cf the patient rests less on the benign 
histologic character of the tumor than on its local 
malignancy. —Henry G. Moehring, M.D. 


Roswit, BrERNaRD, MaLsky, STANLEY [m 
REID, Cyprian, and SPRECKELS, CHARLES. 
The use of photocells for determination of 
patient movement during roentgen therapy. 
Radtology, Mar., 1960, 74, 480-482. (Ad- 
dress: В. Roswit, VA Hospital, 130 W. 
Kingsbridge Road, Bronx 68, N. Y.) 


In radical therapy of radiocurable cancer, it is 
imperative that complete immobility be maintained 
during exposure to the beam. A method for obtain- 
ing a graphic record of the patient's movement, and 
for continuous surveillance during therapy would be 
desirable. The authors devised a svstem which ful- 
fills these requirements. 

The method is simple and inexpensive, utilizing a 
miniature photocell, a light pipe, and a graphic 
recorder. Miniature photocells аге mounted on a 
plaster treatment shell on the patient's body at two 
selected points at go? to each other, with a light 
source in. proximity to each photocell. Dual strip 
chart recorders are employed to plot the slightest 
displacement of the two selected reference points. 

In actual practice the system has proved to be 
simple, relatively inexpensive, and entirely reliable. 
Schematic drawings of the system and charts illus- 
trating its use are reproduced. ruo W. Sommer, 


M.D. 


KanzMankK, C. J., LoeviNcER, R., STEELE, 
К. FE., and Weisssituru, M. A technique for 
large-fleld, superficial electron therapy. Ra- 
diology, April, 1960, 74, 633-644. (Address: 
C. J. Karzmark, Stanford Medical Center, 
300 Pasteur Drive, Palo Alto, Calif.) 


Because the fall-off in depth dose near the end of 
the range of the electrons is particularly rapid for 
electron beams having energies less than about то 
mev., such beams are suitable for the treatment of 
widespread, superficial lesions, where it is desirable 
to minimize the dose to deep tissues. In addition, an 
acceptable uniformity of dose over the treatment 
area must be maintained; the accompanving super- 
voltage roentgen-ray background must be kept low; 
changeover from electron beam to roentgen therapy 
must be rapidly and conveniently accomplished; and 
the technique should not impose severe demands on 
the size of the therapy room or its arrangement. 

Using the Stanford medical linear accelerator, a 
technique for large field, superficial electron beam 
therapy has been devised. The electron beam is 
brought out through an existing roentgen-ray defin- 
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ing system and then scattered by passage through a 
thin foil. The patient stands about 10 feet from the 
end of the accelerator, and the entire exposed sur- 
face ts irradiatec simultaneously by the broad elec- 
tron beam. The treatment of a particular body 
surface consists of two parts--one with the axis of 
the accelerator directed above the patient's head and 
the other with tae axis directed below the patient's 
feet. The combiaation of the two fields results in a 
highly uniform dose distribution over the entire 
height and width of the patient. The average roent- 
gen-ray background dose to which the body is 
exposed is appreciably less than 1 per cent of the 
maximum electren dose. The conversion to and from 
electron therapy is simple and readily accomplished 
by therapy technicians in approximately five min- 
utes. 

The interested reader is referred to the original 
article for a detailed description of the apparatus 
used in changirg from roentgen-ray operation to 
electron beam eperation, or vice versa, including 
collimation and monitoring devices, considerations 
of energy loss and scattering, measurement tech- 
niques and dosimetry, depth dose and 1sodose dis- 
tribution data, roentgen-ray background data, 
shielding, and etects of oblique incidence.— Walter 


H: Jarvis; Fr. M.D. 


kKADIOISOTOPES 


SPAFFORD, NoaMa R., Cann, EDWARD A., JR., 
Lowrey, Georce H., and BEIERWALTES, 
\\тллАМ Н. 1% labeled triiodothyronine 
erythrocyte aptake of mothers and newborn 
infants. Am. F. Dis. Child., Dec., 1960, 700, 
844-749. (l'rom: Departments of Internal 
Medicine, Pharmacology, and Pediatrics, 
the Clinical Radioisotope Unit and the 
Thyroid Research Laboratory, University of 


Michigan Medical School, Ann Arbor, Mich.) 


Eighty normal infants in. the first seven days of 
life were the stuc v group. No infant in this group had 
a family history of thyroid disease. Blood samples 
consisted of corc blood from то infants at delivery, 
and single femoral vein blood samples were drawn 
from each of the remaining 70 infants. Blood samples 
were drawn from 8 of the mothers. Erythrocyte 
uptake of I?! labeled triiodothyronine was performed 
by a minor mod fication of the method of Hamolskv 
etal., and PBI and BEI values were obtained as well. 

It was found that the mean PBI of the infants, 
8.4 ug. per cent, and the mean BEI 7.0 ug. per cent, 
were virtually dentical to maternal values. The 
mean T? erythrocyte uptake in infants at birth was 
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9.9 per cent with the range 6.6 to 15.1 per cent. The 
mean Т? erythrocyte uptake of the mothers was 7.0 
per cent. The highest value amonz the group of 
infants was found in the child of the mother who had 
the highest value among the group of mothers. 

At 24 hours the mean T? erythrocyte uptake of the 
Хо infants had risen to 15.4 per cent, and thereafter 
it stayed well up in the normal adult range, with a 
mean at seven days of 14.3 per cent. 

This test has the conspicuous advantage, among 
radioisotepe tests to be used in infants, in that no 
radioactive material need be administered to the 
patient. Values are apparently independent of ex- 
ogenously given iodine, which will invalidate the 
results of PBI or BEI determinations. The test has 
already been found to be a valid and useful one in 
many laboratories in dealing with adult thyroid 
problems, and will probably find wide application in 
thyroid cisorders of infants and vcung children.— 


Frederick ӯ. Bonte, M.D. 


Tuomas, 1. D., Oppie, T. H., and Myuitt, J. 
Diagnostic radioiodine uptake test in patients 
receiving antithyroid drugs. Y. Clin. Endo- 
crinol. € Metab., Dec., 1960, 20, 1601-1607. 
(From: Unit of Clinical Investigation, Roval 
North Shore Hospital of Sydney, Crows 
Nest, N.S.W., Australia.) 


Thyroidal radioiodine uptake measured at то 
minutes appears to yield results as valid as those of 
the one hour uptake, and, although most laboratories 
do not calculate rate constants, as do the authors, 
several very interesting points are brought out. Chief 
among them is that results of the thyroid suppression 
test apparentlv remain valid even while the gland is 
blocked by the administration of an antithyroid drug 
such as propylthiouracil. If suppression is not dem- 
onstrated this can be taken to mean that the under- 
lying disease state is still present, while, in a patient 
who has been on prolonged blocking drug therapy, a 
significant suppression of thyroid uptake may be 
taken to mean that a remission has occurred and that 
blocking drug therapy may be withdrawn. 

The authors point out that performing a suppres- 
sion test during blocking therapy reveals the under- 
lving functional state of the thyroid gland as distinct 
trom the level of hormone production, which is itself 
lowered as the resultof successful treatment, and that 
the method may be used to identify compensatory 
gland hyperplasia due to overtreatment. It should be 
further noted that this test regime will not vield valid 
results if the uptake of iodine by the thyroid gland 
has been blocked by the administration of iodine or 
perchlorate. Frederick У. Bonte, M.D. 
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In 1961, you, the nation's physicians, will diagnose 
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Although potentially this is a highly curable cancer, 
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and most curable stage. The regular health checkup 

and alertness to rst symptoms are great life-savers. 
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be possible because of a last minute change or an omission. 


FINER FOCAL SPOTS. ..GREATER LOADINGS 


with CONTINENTAL HI-ROTOR 






Line focus brought a new era of image definition. Rotating 
anodes brought a greater advance toward sharper, clearer 

radiographs. High-speed rotation—the LATEST STEP 
FORW ARD—opens new horizons for the use of finer focal 
spot techniques. 


High speed rotor equipment permits the use of finer focal 
spots and greater loadings by reducing the peak focal spot 
temperatures. The CONTINENTAL HI-ROTOR is now 
avallable for operating high speed rotating anode tubes at 
120 evcles per second, doubling the normal rotation speed. 
This new rotor control and power supply unit is mzde spe- 
cifieally to be used with all the new X-ray tubes designed for 
high speed anode rotation. HI-ROTOR equipment is avail- 
able through all X-ray dealers. 


MM atm. i 
CONTINENTAL 
1536 Clybourn 


Avenue * Chicago 








ontinental Hi-Rotor 


HIGH SPEED ROTOR CONTROL 
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CAMPBELL X-RAY CORP.—Boston 15, Mass. 
Or Your Dealer | 


Marker instantly at- 


use of 
“burn out" 


use of 


ns for recording 
directly on the flm; 


PORTABLE 


AD-HERE X-RAY FILM MARKERS 






AD-HERE FILM MARKERS: 


LETTERS 


larger UNMOUNTED 


on heavy exposures, are not ruined 
ied from mountings and are less expensive. 
lead letters of your name and city from be- 


your own mounted and 


1 
the most 


LEAD LETTERS, FIGURES and WORDS 


MOUNTED—UN MOUNTED 


TO FIT ALL MARKERS OR FOR 
USE WITH ADHESIVE TAPE 


PLEASE FURNISH SAMPLE 


WRITE FOR CIRCULAR DESCRIBING 
AD-HERE MARKERS and MARKER ACCESSORIES 


X-RAY SERVICE 
98-120 QUEENS BLVD., FOREST HILLS 74, N.Y. 
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BRITISH JOURNAL OF RADIOLOGY 


SUPPLEMENT No. 9 


The Spectra of X Rays 
Scattered in Low Atomic Number Materials 
By W. R. Bruce, M.D., Ph.D., and Н. E. Jouns, Ph.D., F.R.S.C. 


"2 

The complicated effects of multiple scattering have always presented a major difficulty 
to analysts of X-ray beams traversing matter. tb this Supplement the authors describe 
how the Monte Carlo method of computation may be used to allow for multiple scatter- 
ing when studying the penetration of X-ray beams. A full discussion of their combina- 
tion of analytical and Monte Carlo methods is presented and much information on the 
spectra of X-ray beams in the photon energy range from 50 to 1250 keV is provided in 
the form of graphs and tables, with the main emphasis on data for beams traversing 
water. This Supplement will interest all those concerned with the use of X rays in 
radiotherapy and in radiobiological studies. 


Price: 12s. 6d. (7s. 6d. to members)—U.S.A. $2.00 


SUPPLEMENT No. 10 


DEPTH DOSE TABLES FOR USE 
IN RADIOTHERAPY 


(containing 77 tables, three full-page and two half-page graphs) 


The value of central axis depth dose and related data in radiotherapy was evident from 
the heavy demand made for Supplement No. 5 (1953), "Central Axis Depth Dose Data”. 
When stocks of the latter were exhausted three years ago, it was decided to revise the 
original data in the light of more recent experimental W ofk, and to extend the coverage 
to the higher energies now coming into general use. This task was undertaken by the 
Scientific Subcommittee of the Hospital Physicists’ Association. 

The new edition contains nine main sections cov ering electromagnetic radiations 
ranging from Grenz rays (H.V.T. 0.01 mm of Al) up to 31 MV be itatron X ravs, and in- 
cluding electron beams (2 to 30 MeV). Everv effort has been made to ensure that tables 
are adequately explained as to origin, possible sources of error and limitations of ap- 
plicability. Where significant differences from the earlier data occur, they are discussed 
by the individual reviewers of the sections concerned. 

This Supplement provides the most comprehensive selection of central axis data in 
existence, and has been compiled by acknowledged experts in the field. 


Price: 45s. (32/64. to members)—U.S.A. $7.50. 


obtainable from 


THE BRITISH INSTITUTE OF RADIOLOGY 
32 WELBECK STREET, LONDON, W.1 


and from leading booksellers all over the world 


to meet the need of high KV radiography 





ЗОО MA AT FULL 125 P. K. V. 


Ideally suited or use in hospitals of all sizes, as a combina- 
tion Radiographic and Fluoroscopic machine, for Radio- 
graphic work only, or for Operating and Urological room 
use. Also meets the requirements of the X-Ray Dept. of 
Clinics, and fcr private office use. 

YOUR CHOICE ӨЕ 3 TYPES OF CONTROLS, GENERATORS: 

e for operating a Radiographic and Fluoroscopic Tube 

e for operating two Radiographic tubes 

e for operating a single Radiographic tube 


p Башы G; 
e 3 «@@eeeeeeo- 3» 


KILOVOLTS. MADR KILOVOLTS - MINOR UNE VOLTS ADJUST 


THE CONTROL: 

Modern design with large meters at eye level .. . easy to read scales. 

Stabilizers and Compensators automatically adjust for any KV and 

MA selection. 

р sh-Button Capa шу Selector Controls provide 8 positions covering CUSTOM MADE TO 
uoroscopy and awide range of radiographic selections. 

Choice of 3 Electronic Timers: 1/30— 1/60 and 1/120 second YOUR REQUIREMENTS 


Hinged Panels озеп from front for easy cleaning, adjustment, The HR-300 Control contains all necessary 
servicing components for safe, efficient operation. 


Optional features to meet your individual 
THE GENERATOR: ў 3 


i | TT and particular requirements are available, 
Full wave rectifiee with a large factor of safety. so yeu pay for only а 
Four thoriated filament valve tubes. 


and want. 
Shockproof cable sockets are the approved Federal standard type. 





*See your Stendard Dealer 
or write for Descriptive 
Literature 





‚ Сьмавла. X-RAY COMPANY 


1932 N. BURLING STREET, CHICAGO 14, ILLINOIS 





beyond its ability to double 
 —even triple – the caseload - 
| | you can handle 


only in the Picker 


can you find all this 










here where, seated comfortably behind 
a radiation shield, you're in fatigue-free 
[command of all fluoroscopic a 
and cinerecording oo 


fluoroscope at tableside any time you 
think you're needed there 


provides a sharper, brighter image ЖЕЛТ, ; j^ 1 


І i 
'€-contacts the patient 


because the screen clo 





lets you apply compression and sti 1 


retains the РА image 








get the details of these and other advantages 
of the Satellite System f-om your local Picker representative 
^" or write Picker X-Ray Corporation, White Plains, New York. 





